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Section II. 

14. Inrropuctory.—The preceding section has been devoted to a 
description of the peculiar form of testing machine employed by the 
writer during these researches, to an account of the general method of 
obtaining from any material an autographic record of its mechanical 
properties, and to the interpretation of strain diagrams thus obtained 
from the useful metals and other materials of construction. 

The part here presented contains an account of some of the more in- 
teresting and fruitful of the special investigations conducted with the 
apparatus, and embodies a description of certain remarkable and hitherto 
unobserved phenomena accompanying the distortion of metals, the dis- 
covery of which must affect the theory of the effect of stress in producing 
strain, and, consequently, must somewhat modify engineering practice. 

15. Genera Depuctions.—From what has already been shown, we 
may deduce the following resumé of methods of determining the several 


more important properties of materials by an inspection of their strain 


diagrams. 
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(1.) To determine the homogeneousness of the material. 

Examine the form of the initial portion of the diagram between the 
starting point and the sudden change of direction which kas been shown 
to indicate the elastic limit. Notice also its inclination from the vertical 
and compare with it the inclination of the ‘ elasticity line.” 

A perfectly straight line beneath the elastic limit, perfectly parallel 
with the ‘‘ elasticity line,” shows the material to be homogeneous as to 
strain ; i. e., to be free from internal strains, such as are produced by 
irregular and rapid cooling or by working too cold. Any variation from 
this line indicates the existence, and measures the amount, of strain. A 
line considerably curved as in No. 6, Plate I, exhibits the existence of 
such strain. 

Next, examine the form of the curve immediately after passing the 
elastic limit. A line rising from the elastic limit, regularly and smoothly, 
approximately parabolic in form and concave toward the base line, as in 
No. 22, indicates Homogeneousness in structure, and the absence of such 
imperfections as are produced in wrought-iron by cinder, or in cast metals 
which have been worked from ingots, by porosity of the ingot. 

A line turning the corner sharply, when passing the elastic limit, and 
then running nearly or quite horizontal, as in other irons, and in the low 
steel of Plates IT and III, or actually becoming convex toward the base 
line, as with some of the woods in Plate I, and then, after a time, re- 
suming upward movement by taking its proper parabolic path, indicates 
a decided want of this kind of homogeneity. The relative length of the 
depressed portion of the line, and the amount of depression, measures 
the relative defectiveness of materials compared in this respect. 

Finally, compare the diagrams produced by several specimens of the 
same kind of material or from the same mass. Homogeneousness in 
general character and homogeneousness in composition are proven by the 
precise similarity of these diagrams, while a greater or less variation of 
the curves compared, indicates a greater or less difference in the speci- 
mens of which they are the autographs. 

Materials should usually exhibit great homogeneousness in all these 
three ways, to be perfectly reliable. Perfect homogeneousness is not to 
be expected in either respect. 

(2.) To determine the elustic resistance of the specimen. 

Measure the height of the curve at the elastic limit, using the seale of 


torsion, or for tension, which is given for each machine and for each 


standard size of test-piece, as shown in the accompanying plates. 
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(3.) To determine the resistance offered to any given amount of extension, 
or that producing a given set. 

Measure the ordinate of the curve at the point whose abscissa, or 
distance from the origin, measures the assumed degree of set. 

(4.) To determine the ultimate resistance of the material. 

Measure in a similar manner the maximum ordinate of the curve. 

(5.) To determine the resilience of the piece within the elastic limit ; i. e. 
the work required to produce an evident and permanent set, approxi- 
mately proportional in amount to the degree of change of form of the 
specimen. This quantity measures the power of the material to resist 
blows, and its determination is evidently quite as important as that of 
resistance to static stress, which latter forms one of the factors of the 
former. 

Measure the area comprised between the ordinate of the curve at the 
elastic limit and the initial part of the curve ; this quantity is propor- 
tional to the required value. Or, multiply the elastic resistance of the 
material by the extension within the elastic limit. Asan approximate result, 
two-thirds this product is the quantity required in inch-pounds or foot- 
pounds, according as measures of extension are taken in inches or feet. 

(6.) To determine the resilience of the material within any assumed limit 
of extension; i. e., the magnitude of blow required to produce a 
given set. 

Measure the area of the curve up to the assumed limit, as for example, 
the area in Plate III, under No. 21, Z, 21, 21, Y, x, where the assumed 
set is the extension from Zto x. Two-thirds the product of the resist- 
ance measured by the altitude Yx, and the extension bx gives as before 
an approximate value for ordinary purposes. 

(7.) To determine the total resilience or shock resisting power of the 
material. 

Measure the total area of the diagram. For ductile materials an 
approximate value is obtained by taking two-thirds the product of the 
maximum tenacity by the maximum extension. For hard and very brittle 
materials one-half the same product gives very accurately its values. 
For intermediate qualities the true value is more nearly two-thirds this 
product, also Swedish wrought-iron, white cast-iron, and hardened steel 
illustrate the first and the second classes ; ordinary tool steels are ex- 
amples of the third class, as is also iron like No, 22. 


(8.) To determine the effect of a load given in pounds per square inch of 


stress. 


j 
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Find a point in the curve having an ordinate which measures the 
given stress. The abscissa of that point measures the extension under 
that load. In other words, a point being found in the curve, the height 
of which above the base line is equal to the load per square inch, its dis- 
tance from the origin measures the extension of the material as produced 
by that stress. 

(9.) To determine the effect of a blow or a shock, whose measure is given in 
inch-pounds of energy, i. e. of which the work that it is capable of doing 
is known. 

Find a point on the curve whose ordinate cuts off an area between 
itself and the origin, representing the given amount of work. Or, find 
such a point that two-thirds the product of the stress measured 
by its ordinate, and the extension corresponding to its abscissa is 
equal to the number of inch-pounds given. The position of this point 
shows the maximum strain and the maximum extension of the material 
under the assumed conditions. Drawing a line through this point 
parallel to the nearest ‘elasticity line,” the distance of the point at 
which it intersects the base line from the origin indicates the resulting 
set. 

(10.) To determine the effect of a blow upon the material, when already 
strained by a dead load. 

Determine first the extension produced by the application of the 
static stress, as in (8), and then find that point on the curve between the 
ordinate of which and the ordinate of the point indicating the strain just 
found as due the dead loud, an area is intercepted which measures the 
work done by, or the energy of, the shock which has been assumed or 
calculated. 

15. Exampves.—IIustrations of the first seven of the above described 
processes are either given in the preceding portions of this paper, or will 
be noticed hereafter during the progress of special researches. Those 
succeeding may be illustrated thus : 

(1.) Given, a load of 30,000 pounds per square inch. Determine its 
effect upon good qualities of cast and wrought iron, low steels, tool steel 
and the weaker metals. 

Referring to Plate [I for examples, we find that neither cast copper, 


lead, tin, nor zine would sustain such strain; all would be broken. 


Good irons, Nos. 1 and 6, would be strained beyond their limits of 
elasticity, and would take a sct after an extension of about 1 and 1} per 


cent., respectively. ‘lhe exceptional iron, No. 22, would be strained to a 
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point which is so nearly its elastic limit that it would remain practically 
uninjured, 

The low steels, Nos. 69, 67, 76, would bear the stress with a similar 
degree of safety, very nearly. The first would have a considerable margin 
of safety within its elastic limit; No. 67 would be nearly, and No. 76 would 
he quite, strained to the elastic limit, while No. 98 would take a set of 
about one-tifth of one per cent. 

If the strain were torsional, the weaker metals would he twisted off by 
a force corresponding to that here assumed, the good irons would take a 
setof about 25°, the best iron and the three stronger steels would take 
no appreciable set, and the softest of the latter would set at about 10°. 
Tn these cases the specimens are supposed of standard size. For other 
sizes the forces producing similar effects would vary as the eubes of the 
dinmeters. 

(2.) Given, the magnitude of a shock, or blow, e¢. y. as equal to that 
due a weight of one ton, 2,000 pounds, falling one foot, the rod taking 
the strain being of one square inch area of section and one foot long. 
}-termine the effect for each of the above-named materials. 

The effect of this blow is equivalent to an expenditure of energy 
smmounting to 2,000 >< 12 — 24,000 inch-pounds. 

The weaker materials, not possessing an ultimate resilience of this 
amount, would be broken. 

Forged copper would be strained and would take a set after very 
nearly 12) per cent. of extension, since 
24,000 > 

3 


0.12) 12 000 


the work done by the blow being equilibrated by the product of two- 
thirds the resistance, noted at 110°, Plate IT, into the extension. Per- 
fect accuracy of figures may be insured by perfectly accurate measure- 
ments. 

The specimen of iron No. L would be given an extension and set of 
nearly 0.068, since the resistance, under this amount of stretch, would be 
upproximately 45,000 pounds per square inch, and the work during ex- 
tension would be 
45,000 2 

3 


0.068 12 24.000 inch-pounds. 


The iron of special grade No. 22 would be elongated 0.058 = 0.69 


inch, as 


52,000 
3 


0.069 “12 - 24,000, nearly. 


| | 
j 
> 
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The same blow would produce on the rod, if made of such steel as 
No. 69, an extension of 0.0384 “° 12 — 0.461 inches, estimated thus. 
+ — 24,000 — 3.78,000 — 0.461, 
it being found by ‘trial and error,” that the extension 0.0384 developes 


a maximum resistance of 78,500 pounds per square inch. 


It is evident that, where extreme accuracy is required, the curves 
should be transferred to a new scale in which the abscissas should be a 
seale of elongation instead of angular distortion, and the area should be 
carefully measured.* For the latter work an Amsler ‘‘ Planimeter’’} is 
useful. 

(3.) Given, x bolt of dimensions as last assumed, strained with the 
effect of a load of 30,000 pounds, as in example (1), determine the effect 
of a blow of 24,000 inch-pounds energy, occurring while the bar is sus- 
taining the static load. 

The effect of the dead load, as already calculated, is to produce a 
strain upon the low steels, and upon iron like No. 22, which would keep 
them extended only a very minute fraction of their original length, this 
extension being, even with the latter material, but 0.05 of one per cent. 
The effect of the blow would be, practically, the same as has just been 
estimated for the unloaded bar. 

Nos. Land 6 would be, as already shown, extended 1 and 1} per cent.. 
respectively, by the simple load. The added effect of the blow would be 
to produce an additional extension and set of 0.0533 and 0.0555 respec- 
tively, since the mean resistance, during this extension, is 

45,000 -+- 35,000 42,000 +. 30,000 
and 
respectively, and the extension must be, 
24,000 45.000 + 30,000 


) 12= 0.0533 and 
» 
24.000 = = 30,000 


12— 0.0555 


The bar is stretched in the first case 0.64 inch ; in the second 0.666 inch, 
by the blow, if made of such iron as that of specimens Nos. 1 and 6. 

It should be remarked here, that although the diagrams obtained 
from the various materials tested, give data from which to estimate their 
relative value in resisting shock, the absolute results of calculation, with 


no modification for varying rapidity of action, will be but approximate. 


* See London “ Engineer,” Nov. 8th, 1872. 
t It is evident that diagrams accurately representing tests made with the common testing 
machine afford similar facilities for solving these problems. 
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This is a consequence of the facts that the inertia of the body struck 
will affect the result, and that the actual resistance varies with the velo- 
city of rupture. A rod which will sustain safely the blow of a heavy 
- body, would yield readily under a blow of similar energy struck by : 
light weight moving with proportionally increased velocity. The mathe- 
matical investigation of this effect, which has not hitherto been noticed, 
remains to be given. It is only necessary to state here that a rod of 
uniform section, and homogeneous in structure, will be uniformly ex- 
tended by a force slowly applied. A blow received at one end will extend 
it most at the portion nearest that end, and the more rapid the blow the 
more is its effect concentrated. It is possible to produce actual fracture 
at one end by a very rapid blow, and for rupture to become complete 
before the shock is felt at the opposite end. This action is seen daily in 
every workshop where pieces are broken from heavy masses by the blow 
of a hammer. 

The effect of a blow depends, therefore, not only on the magnitude of 
that product of mass into height due its velocity which we call vis viva, 
but also upon the magnitude of the factors. It further follows that of 
two materials having equal tenacity and equal ductility, the one having 
greatest density will be most liable to fracture by impact.* This infer- 
ence is confirmed by experience. 

In general a rod should be somewhat larger at the end receiving the 
shock, and this enlargement should be greater as the blow is more rapid. 
Conversely, blows of equal energy are the most injurious when given by 
bodies of light weight moving at high speed. This difference is exagger- 
ated by any cause which increases the density of the material. The 
variation of resistance with the rapidity of rupture will be considered 
more at length hereafter. 

It is readily seen that we have here an explanation of the fact, that 
fracture produced by a quick blow is granular in character, while a steady 
pull brings out the ‘fibrous’ texture of iron. In the former case the 
action is concentrated upon a cross section close to the point at which 
the blow is received ; in the latter instance inertia acts less effectively in 
resisting the transmission of the rupturing force to other portions of the 
piece, and the drawing out process is permitted to take place. 

16. Pecunitak sometimes present themselves in practice 
which cannot be solved by any published methods—why, it is difficult to 


say, but partly, it is probable, because of a deficiency of experimental 


* Mechanics’ Mag., Dec., 1871, p. 492. 
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data, and partly because known authorities have not been led by actual 
experience in engineering practice to perceive the importance of their 
applications. 

Of these the following is an example : 

To determine the effect of a succession of stresses, whether static or dynamic, 
each of which strains the material beyond the original or the acquired limit 
of elasticity. An illustration of this action is given by the repeated bend- 
ing, stretching, or other form of distortion by external force, of any 
material producing at each application a new set. The same case is illus- 
trated by the gradual elongation of a rod by repeated blows, the energy 
of each of which exceeds the elastic resilience of the material. 

Determine the elastic resilience of the material existing previous to 
the application of each stress, by taking the area comprised between two 
lines drawn through that point on the curve of the material chosen, 
whose abscissa represents the existing extension, one of which lines is an 
ordinate and the other of which is parallel to the nearest ** elasticity 
line.” This area represents the elastic resilience of the piece ; 7. e. a 
blow having an equivalent energy would leave the piece uninjured and 
without set. Deducting this amount from the energy of the given blow, 
the remainder of the work done by that blow is expended in producing 
set or extension, and may be determined as already deseribed. 

The effect of a simple force may be determined by deducting from 
the total distortion producted by each application of that force, the 
elastic range of the material. 

It is thus readily ascertained, in either case, how much each applica- 
tion will add to the set, and how many applications will be required to 
produce rupture. It is here assumed that distortion within the elastic 
limit leavs the piece uninjured, however often it may be repeated. This 
assumption seems correct, a priori, and is well sustained by the valuable 
researches of Woller® and others.+ 

The effect of repeated bending, or other form of strain, can thus be 
inferred from an examination of the strain diagram of the material, ob- 
taining from a single experiment a determination hitherto only obtained 
by a long and tedious process of repeated distortion. . Such investigations 
of the ** fatigue” of metals are often of great importance. 


17. Tue or Time on unper Srrais.—The effect 


* Zeitschrift fur Bauwesen, Festiqheiteersucke mit Eisen und Gerlin: also Vond. 


Engincering, 


Fairbairn: Civil Engineer and Architerts’ Journal, Vola. XXIV. 
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of stress is modified when metals are left under strain for considerable 
intervals of time. It had generally been supposed that this effect was to 
weaken the resistance whenever the material was left exposed to a strain 
exceeding the elastie limit. 

This idea seems sustained by the experiments of M. Vicat, made at 
Paris about forty years ago.* He states that four wires were extended, 
respectively, by |, |, ) and { their ultimate resistance, and their elonga- 
tions were observed and recorded at intervals of one year. The relative 
extensions observed indicated a gradual lengthening of the three which 
were strained beyond the elastic limit, and that most strained finally 
broke, after sustaining j its original ultimate breaking weight two years 
and nine months, the point of rupture being finally determined by the 
aetion of corrosion which had not been entirely prevented. 


The several extensions were as follows: 


No. 1, sustaining |, 58 months......... anne ..... 0.000 per cent. 


The rate of extension was nearly proportional to the times, and the 
total extension to the forces. M. Vicat concludes that metal thus over- 
strained will ultimately break, and his paper has caused much uneasiness 
among members of the profession, as indicating a possibility of the ulti- 
mate failure of structures having origitally an ample factor of safety. 

The elegant and valuable researches, also, of H. Tresea, on the 
flow of solids,; and the illustrations of this action almost daily noticed 
by every engineer, seem to lend coutirmation to the supposition of Vieat. 

The experimental researches of Prot. Joseph Henry, on the viscosity 
of materials, and which proved the possibility of the coexistence of 
strong cohesive forces with great tliidity,{ long ago proved, also, the 
possibility of a behavior in solids, under the action of great force, an- 
alogous to that noted in more fluid substances. 

On the other hand, the researches of the writer, as described in the 
tirst section of this paper, indicating by the form of strain diagrams, that 
the progress of this tlow was accompanied by increasing resistance, and 
the corroboratory evidence furnished by all carefully made experiments 
on tensile resistance, as those of King and Rodman, Kirkaldy and Styffe, 


made it appear extremely doubtful whether materials were really weak- 


* Annales de Chimie, et de Physique, W834; Tome 54; p. 35, 


| Sur ’ Ecoulement des corps solides; Paris, 1869-72 Proce, Am. Phil. Society, 1844. 
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ened by a continuance of any stress, not originally capable of producing 
incipient rupture. 

18. To determine this point, a series of experiments was made, the 
general result of which was first formally announced in a note to this 
Society,* in which the first experiment, commenced during the session of 
the National Academy of Science at the Stevens Institute of Technology, 
was described, and in which the first deductions, since slightly modified 
by an extended investigation, were given. In Plate IIT, No. 16, is a fire 
simile of the strain diagram obtained at the first experiment. 

A piece of iron, of a good quality of metal, but badly worked, as 
shown in the sketch already given in Section 1, was placed in the 
machine and strained considerably beyond its elastic limit. It was then 
left twenty-four hours under the strain thus produced at A, Plate IIL. 
At the end of this period, the pencil was found precisely as it was left, 
and not the slightest evidence of yielding was noted. The slight deprés- 
sion observed in many examples to be given, is produced by a slight 
compression of the wood used in blocking the machine at the beginning 
of the interval. No evidence of flow was therefore obtained. 

Upon attempting to produce further change of form, however, the 
unexpected discovery was made that the test-piece had acquired an in- 
' creased resisting power. The pencil, instead of following the general 
direction taken the day previous, rose, as seen in the diagram, until a 
resistance was indicated, ercceding hy nearly 30 per that shown be- 
fore the specimen was left under strain. This resistance having been 
overcome, the piece yielded with a slightly decreasing resistance, and, 
after considerable additional distortion, was left at B twenty-four hours. 
The result of the second experiment is seen to be an increase of nearly 
15 per cent., and a third trial at C gave a small, but still perceptible, 
gain also. 

This singular phenomenon appeared so remarkable and so important 
that experiments were continued upon various grades of iron, and 
upon other metals, the greatest care being taken to avoid any possible 
source of error. Several strain diagrams are given illustrating some of 
these experiments. 

No. 10 represents that of a piece of good iron which is far more homo- 
geneous and better worked than No. 16. 


No, 68 is a piece of ‘* Siemens-Martin steel” which was left under 


* See Trans. Am. Soc. C. E., Nov. 1873; Journal Franklin Institute; March, 1874. 
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strain, at A, twenty-four hours, and at B an equal length of time. In 
the latter case, the applied foree was wholly removed, at the end of 
twenty-four hours, before an attempt was made to produce further change 
of form. On renewing the strain the resistance is seen to have acquired 
an increased intensity very nearly absolutely equal to that shown at A, 
and relatively greater, a fact which will be found to aid in the determina- 
tion of the real character of the phenomenon. A third experiment, at 
C, shows a repetition of this action, and a fourth, similar to that at B, in 
all except time—for in the last experiment the time was but a fraction of 
an hour—gave a similar result. In each case it is noticeable that a slight 
fall from the maximum attained, follows the yielding of the test-piece. 

No. 33, malleable cast iron, No. 52, double shear steel, and No. 81, 
tool steel, all exhibit this same stiffening under prolonged strain. 

No. 17, ‘‘homogeneous chrome iron,” was subjected to experiment 
four times. At A, the effect is very marked, and the resistance to further 
change of shape continues to increase slowly until left at B for a second 
trial. The maximum attained at B is not sustained, as further distortion 
occurs, and, after a slight decrease, the specimen was aguin left, the 
pencil resting at (. 

Next day, the increase of resistance was found less considerable than 
at the previous experiment, and the line, after passing a maximum a few 
degrees beyond, falls quite rapidly. Fearing that the metal was about to 
rupture completely, it was left once more at D, another day, after which 
time its behavior was similar to that on earlier trials. It fully regains 
the maximum power of resistance noted after the trial at C, and, before 
rupture, it even slightly exceeds it. 

The hardest material experimented upon was the very hard chrome 
steel, No. 21. Left at A three days, the resistance at that degree of 
distortion was increased about 8 per cent., and, again at B, four days 
under strain gave a rise of nearly 4 per cent, after which a considera- 
ble rise oecurred, in the ordinary manner, before rupture took place. 

An interesting experiment was made with the best Swedish iron, a 
metal of such wonderful purity and ductility that one specimen, of 
standard size, was twisted nearly 600° before completely breaking off. 

No. 101, Plate TH, is the strain diagram of the specimen tested for 
the purpose of determining the effect of continued stress. Here, as 


seems frequently the case, a loss of ductility apparently accompanies the 


increase of resistance and the total resilience appears to be comparatively 
slightly altered. 


t 
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This specimen was strained until the limit of elasticity was just passed 
and was then left at A one day. The result, with even the slight distor- 
tion of but 6, producing an extension of a very minute amount. 
is similar to that before noticed, and the behavior here exhibited prob- 
ably gives a clue to the causes of this peculiar action. After this trial, 
several others were made, and the metal is seen to have behaved in a 
manner precisely similar to the other grades of iron. 

19. Reviewing all of the large number of experiments made since the 
discovery of this effect of continued strain, carefully comparing the 
curves obtained with each other, and with the diagrams obtained in the 
ordinary way, and, finally, making a comparison of the conclusions drawn 
from this research, with the results of the experimental work of other in- 
vestigators, the writer has been led to the following, as the most prob- 
able explanation of this singular molecular phenomenon. 

These strain diagrams are the Joc/ of the successive limits of elasticity 
of metal, at successive positions of set. 

The phenomenon here discovered is an elevation of the limit of elasticity 
hy a continued strain. The cause is probably a gradual release of internal 
strain, occurring in a somewhat similar manner to that observed previ- 
ously in cast iron in large masses, and less frequently, and generally in 
a less marked degree, in wrought-iron and other metals, which have been 
worked in large pieces, and in which such strain has been more or less 
reduced by a period of rest.* This loss of strength in large masses of 
wrought iron is stated, by Mallet, to amount frequently to one-half.7 

20. The manner in which this reduction of internal strain occurs, by 
continued stress at the limit of elasticity, as here observed, may be readily 
conceived. 

When the metal is thus strained, many sets of molecules are placed in 
positions in which they exert a maximum effect tending to produce mole- 
cular changes which may equalize the originally irregular distribution of 
inter-molecular stresses. After a time, the change actually takes place by 
‘*flow,” and the resisting power of the piece becomes increased, and its 
limit of elasticity raised, simply because its forces ure now no longer 
divided, and may act together in resisting external forces. The diagram 
itself exhibits the best evidence of the occurrence of flow, but it is also 


* Compare London * Iron,” Stability of Iron Structures, Feb., 1874; Van Nostrand’s Maga- 
zine, April, 1874. 


+**On the Coétficients of Elasticity and Rupture in Wrought Iron in Relation to the 
Volume of the Mass, its metallurgic Treatment and the axial Direction of the constituent 
Crystals.”” Proc. Inst., C. E. 
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shown by an inspection of the broken specimen, as in Figures 6, 7 and 
11, of Section I. 

It was at first suspected that an action had been detected in this 
phenomenon, similar to that by which the ‘ portative force” of a magnet 
is increased by loading its keeper more and more heavily wntil it beeomes 
** supersaturated.” It is not impossible, perhaps not improbable, that the 
two cases are similar, in some respects, this behavior of the cohesive 
force in the present example, aiding to produce the extraordinary increase 
of resisting power here observed. 

A comparison of the ductility registered by samples variously treated 
lends some confirmation to the supposition, formerly expressed, that, in 
all cases, the resilience does not increase in the same proportion as the 
increase of mean resistance, as a consequence of sustained stress, and 
this, if a fact, may possibly be considered as corroborating the idea just 
suggested. * 

The discovery of this elevation of the elastic limit in all metals 
examined is also probably confirmatory of this idea. 

If the explanation, just offered, of the apparent strengthening action 
of prolonged stress is correct, the conclusions of Vicat are not over- 
thrown, although evidently not fully justified by his own experiments, 
and although the intervening forty years of engineering practice have 
not produced evidence which may be considered as confirmatory of them. 

The same molecular movement, or flow, which rearranges the internal 
forces and relieves internal strain, may be a phase of that viscosity which 
Vicat supposed might in time permit rupture of metal, subjected to 
stress nearly approaching its original ultimate resistance, the one action 
being a more immediate result than the other, and the latter producing 


its effect, even when cohesive force may have been actually intensified. 

* Since the above was written, the Journal of the Franklin Institute has, in the issue for 
March, 1874, given an account of experiments made by Com'd’r Beardslee, U.S. N., during 
which metal strained beyond the elastic limit by tension, exhibited a gain of resistance at a 
position of earliest set, i.¢., an elevation of the elastic limit, from 23,075 to 26,100 pounds per 
square inch, 13.1 per cent., in seventeen hours. The material was bloom iron turned approxi- 
mately to one-half square inch section. 

A very important fact noted by the experimenter is that an apparent positive action was 
observed in the metal under strain by which the scale beam was actually thrown up by a force 
measuring 125 pounds. If this observation is not erroneous, or, if the action was not due to 
some accidental circumstance, we may have here a measure of the intensifying effect above 
described. 


Commander Beardslee has communicated to the writer the experimental confirmation of 
the fact, deducible from the explanation here given, that this release of internal strain occurs 
to a nearly equal extent if the strained piece is simply laid aside for a similar interval after it 
has been given a set. 
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| 
4 
. 


14 


Should this prove to be the fact, it would seem allowable to conclude 
that the forces of polarity and cohesion are not identical. The cause of 
the apparent increase of strength of iron, with increase of temperature, 
is seen to be explained by this relief of internal strain, which occurs 
most readily at high temperatures. 

The experiments of the writer have not indicated the possibility of 
continued flow, and, consequently of ultimate rupture, except under 
stress, increasing in intensity up to the full maximum resistance of the 
material.* They do not, therefore, confirm Vicat’s deductions, and the 
inference would seem, on the contrary, to be—that structures of metal 
do not become weakened with age, except as injury occurs by corrosion, 
or by overloading. The experiments of Roebling} and his opinion, as 
expressed in his report on the Niagara Supension Bridge, are apparently 
correct. 

Kirkaldy, also, concludes that the additional time occupied in testing 
certain specimens of which he determined the elongation ‘had no in- 
jurious effect in lessening the amount of breaking strain.”} An examina- 
tion of his tables shows those bars which were longest under strain to 
have had highest average resistance. 

21. Wertheim supposed that greater resistance was offered to rapidly, 
than to slowly, produced rupture ; Kirkaldy concludes that the contrary 
is the case. RedtenbacherZ and Weisbach|| assume the law of resistance 
to be the same beyond the limit of elasticity as within it, and deduce 
formulas for resistance to shock which are widely inaccurate. 

The experiments of the writer prove that, as had already been indi- 
cated by Kirkaldy (whose results, however, had been looked on by many 
of the profession with some suspicion), alower resistance is offered as the 
stress is more rapidly applied. This conspires with cis viru to produce 
rupture. 

This is seen at w, No. 101, Plate ITI, where a sudden increase of velo- 
city produced a depression of the line, at the angle 110°, and it is 
exhibited in a much more marked degree in No. 118. 

In the latter example, the strain was gradually applied until the point 
awas reached, when, with a suddenly applied force, a motion estimated 
at about one-tenth of a foot per second, was obtained and, immediately 


at 4, the resistance fell off very considerably, the pencil dropping to ec. 
* Compare Kirkaldy—Ezperiments on Wrought lron and Steel—pp. 62-69; also see the plates 
given by Styffe, exhibiting curves for tension. 
t Journal Franklin Institute, 1860; Vol. XL, p. 360. § Der Maschimenbau, Vol. 1. 
t Experiments on Wrought Iron and Steel, pp. 62, 83. Mechanics of Engineering, ete. 
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Again resuming the slowest movement, about one hundredth of a foot or 
less per second, resistance rose again to d. A repetition of the rapid 
movement between d and 4', was followed by a loss of resistance again 
from }' to c', and, as is seen by the diagram, this occurred whenever the 
experiment was repeated. At /;, distortion by a very slow movement was 
resumed, and continued until the specimen broke. Here we have prob- 
ably, the first direct determination of this question, in which the effect 
of ris viva does not appear. 

We may, therefore, conclude that the rapidity of action, in cases of 
shock, and where materials sustain live loads, is a very important element 
in the determination of their resisting power not only for the reason 
given already in paragraph 3 of this section, but because ‘he more rapidly 
the metal is ruptured, the less is its resistance to rupture. 


resistance is about 15 per cent.* in No. 118. 


This loss of 


The cause of this action we may presume to bear a close relation to 
that operating to produce the opposite phenomenon of the elevation of 
the elastic limit by prolonged stress, and it may probably be simply 
another illustration of the effect of internal strain. 

With a very slow distortion, the ‘‘ flow” already described occurs, 
and but a small amount of internal strain may be produced, since, by the 
action noticed when left at rest, this strain relieves itself as rapidly as 
produced. A more rapid distortion produces internal strain more rapidly 
than relief can take place, and the more quickly it occurs, the less 
thoroughly can it be relieved, and the more is the total resistance of the 
piece reduced. Evidence confirmatory of this explanation is found in the 
fact that bodies most homogeneous as to strain exhibited the least of 
these effects. 

It does not seem impossible that, at extremely high velocities, the 
most ductile substances may exhibit similar behavior, when fractured by 
shock, or by a suddenly applicd force, to substances which are really 
comparatively brittle. 

In the production of this effect, which has been frequently observed 
in the fracture of iron, although the cause has not been recognized, the 
inertia of the mass attacked and the actual depreciation of resisting power 
just observed, conspire to produce results which would seem quite inex- 
plicable, except for the evidently great concentration of energy here re- 
ferred to which, in consequence of this conspiring of inertia and reduced 


* Compare Kirkaldy, p. 83, where experiments, which are possibly affected by the action of 
vis viva indicate a very similar effect. 
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resistance, brings the total effort upon a comparatively limited portion of 
the material, producing the short fracture with its granular surfaces, 
which is the well known characteristic of sudden rupture. 

Any cause acting to produce increased density, as reduction of tem- 
perature, evidently must intensify this action of suddenly applied stress. 

The liability of machinery and structures to injury by shock is thus 
greatly increased, and it is quite uncertain what is the proper factor of 
safety to adopt in cases in which the shocks are rapidly produced. This 
uncertainty must remain until further experiment shall be made the basis 
of a correct mathematical expression of the natural laws involved in the 
problem. 

Meantime the precautions to be taken by the engineer are: To pre- 
vent the occurrence of shock as far as possible, and to use in parts ex- 
posed to shock, light and clastic members, composed of the most ductile 
materials available, giving them such forms as shall distribute the distor- 
tion as uniformly and as widely as possible. 

22. The behavior of materials subjected to sudden strain is thus seen 
to be so considerably modified by both internal and external conditions, 
which are themselves variable in character, that it may still prove quite 
difficult to obtain mathematical expressions for the laws governing them. 
It is not improbable, however, that an approximation, of sufficient 
accuracy for all cases which frequently arise in practice, may be obtained 
by a study and comparison of experimental results obtained, as above, by 
the method here adopted, and one which seems peculiarly adopted to 
the work. 

A carefully conducted series of experiments giving quantitative results 
would be of great value. Without such a research no reliable knowledge 
can be obtained of the law of depreciation, and no useful formulas can be 
devised for use in calculation. The experiments made by the writer are 
not yet sufficiently numerous or precise to serve as data from which to 
deduce equations. 

23. THe Exasricrry or tHE Meraus.—The examination of the ‘‘ elas- 


” 


ticity line” will be found to present some facts of interest. 

It will be seen that, in every case, the line produced by the descent of 
the pencil is not precisely coincident with that formed by its rise. This 
is not due to the friction of the machine, as that would not cause the de- 
cided difference observable in the form of the curve. It may be partly 


due to the fact that the set produced is partly temporary. * 


* Morin, Resistance des Materiauz, p. 10. 
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An attempt was made to determine its law by the following method: 

A steam gauge having a recording apparatus, in which the paper was 
moved horizontally, at a uniform rate, by a well-constructed clock, was 
kindly furnished by the Messrs. Edson, of the New’ York Recording 
Gauge Co. 

This was set up by the side of the machine, upon a stand on which 
could be clamped the test piece. The latter carried a light, long pencil 
holder, so arranged as to traverse the paper in a direction at right angles 
to that of the motion given it by the clock. An angular motion in the 
specimen of 0.05° would be readily observed. The specimen was 
given a degree of torsion of from 10° to 360°, in different cases, and was 
then rapidly transferred to the stand, where the restoration of form 
would record itself upon the moving paper, forming a curve of which the 
ordinates would represent the restoration of form, and the abscissas 
would be proportional to the time. 

Tn all cases observed, the restoration of form, by loss of temporary 
set, was so rapid as to have become completed before the specimen could 
be placed in the recording apparatus, and the record made astraight line 
invariably. 

The conclusion which has finally been deduced from a study of the 
diagrams obtained is, that the peculiar feature here alluded to is a conse- 
quence of an internal molecular friction, the existence of which has 
already been long suspected by the writer, and probably by many other 
experimenters. 

An illustration of a similar action probably occurs in the behavior of 
iron under magnetic action. Magnetization produced in bars of various 
qualities of iron and steel during important researches of Dr. Joule* and 
Prof. Tyndal,+ proved this behavior to be common to all, when the 
change of form was produced, within a very minute range even, by mag- 
netic foree. Dr. Mayer has more recently t examined this peculiar form 
of molecular action with great skill and thoroughness. Its existence is 
undoubtedly well proven, and the lines, above referred to, on the strain- 
diagrams seem to exhibit its effect very clearly. Possibly the rise from 
f tog, No. 118, Plate II, is due to such friction. 

24. The evident proof found, in the parallelism of all elasticity lines 


in each diagram, of the fact, first noted by some of the earliest experi- 
* Philosophical Magazine; 1874. t Researches on Diamagnetism, etc., 1870. 
¢** Effects of Magnetism in changing dimensions of iron and steel bars,” by A. M. Mayer, Ph. 
D.; Steven's Institute of Technology; 1872. American Journal of Science and Arts; 1873. 
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menters in this field, that elasticity remains quite unimpaired up to the 
point at which rupture commences, has been already adverted to. 

Coulomb describes a series of curious and instructive experimeits 
which may assist in determining the molecular action occurring in these 
instances where great distortion and great permanent displacemert of 
particles takes place without loss of elasticity.* 

He found this to occur, not only with metal wires, but with threads of 
tine clay, ;y of an inch in diameter and 11 feet long, which could be 
twisted 55 turns repeatedly without set and without apparent loss of 
elasticity. Turning the thread through a wider range of torsion, it 
always returned but 5} revolutions, and in each new position of set ex- 
hibited the same elasticity as before. 

The explanation of this action, as illustrated by the strain diagrams of 
Plates IT and IT, and by Coulomb’s experiments, is probably also to be 
found in the phenomenon of flow of solids. The restoration of cohesion, 
in bodies actually separated, exhibits the extent to which this action may 
proceed. Two freshly cut surfaces of lead when brought together, with 
a moderate pressure cohere firmly, and plates of glass, laid one upon 
another, sometimes *‘seize”’ each other so firmly that they are cut and 
worked as one piece.j The welding of iron is another anda very familiar 
illustration of the same action. Cohesion may therefore be actually de- 
stroyed and renewed, and molecules may move among each other, changing 
completely their relative positions, without loss of either strength or 
elasticity. 

The result of these experiments on metal are important as exhibiting 
the error of the opinion hitherto entertained by many physicists and en- 
gineers, among whom was the writer,t that straining metal might weaken 
it, even when rupture did not commence, and even where no condition of 
internal strain- was induced. It has been here shown that elasticity re- 
mains unimpaired, and resistance continually increases up to the point 
at which incipient fracture takes place. No well proven exception to 
this law has been observed. 

25. While comparing the inclination of the elasticity lines with the 
initial line, to determine the pressure and the amount of internal strain, 
it has been noticed that more or less strain seems almost invariably to 


exist, but that the amount, as indicated by the difference in inclination of 


* Lecture Notes on Physics; Mayer. Journal Franklin Institute, 1868. 
} Miller: Chemical Physics; p. 67. 
¢ Journal Franklin Institute. 
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the two lines, is not always as well shown by the greater or less curvature 
of the initial portion of the diagram. The probable reason would seem to 
be that this strain is not always uniformly distributed. Were the strain 
considerable and uniformly distributed, the initial line would be strongly 
convex toward the base line, and would have the parabolic form. Absence 
of strain is indicated by a straight line rising regularly to the elastic limit, 
or, in many cases where the elastic limit is very low, and when the 
material is inelastic and flows without tendency to recoil, concave toward 
the base, and parabolic. Irregularly distributed strain would modify the 
parabolic curve, and the amount of strain would determine the total 
curvature. 

The initial and elasticity lines have, therefore, great interest as reveal- 
ing important and otherwise unrecognizable properties of the material. 

It has been remarked that the difference of inclination just referred 
to, proves the truth of the assertion of Hodgkinson that every load pro- 
duces a set. It can now be readily seen why this should usually be the 
fact, and also that, although it is true, it does not necessarily indicate 
injury of the material. 

Since, in its ordinary state, many sets of particles are usually in a 
condition of maximum strain, the slightest application of external force 
to the piece will destroy the existing equilibrium among these conflict- 
ing forces within the mass, producing a change of form, and either 
rupturing or producing a flow of those particles which are most strained, 
and thus causing a new condition of equilibrium, the piece returning 
only approximately to the original form when relieved. The greater or 
less the applied force, the greater or less the number of displaced par- 
ticles, but it is only when the set becomes nearly proportional to the 
distortion that it assumes the character in which it is looked upon as a 
serious effect. 

With perfectly homogeneous materials, free from internal strain, no 
such action would be noticed, and the earliest set would occur beyond 
the elastic limit, which limit is here considered to be attained when the 
set becomes proportional to the distortion. 

26. The very minute range of distortion within the elastic limit is 
shown by the strain-diagrams very beautifully. This point is usually 
reached with the first 5° of torsion, and where internal strain has been 


eliminated it is frequently found within 2°, the corresponding extension 


being much less than .0001. 
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Captain Rodman, who has made the most delicate determination yet 
published,* detects a set of 0.000,001,4 after an extension of 0.000,27 
in a specimen of cast-iron, and the elastic limit, as here defined, is 
reached after an elongation of about 0.0003, the point not being, how- 
ever, very accurately determinable on account of the insensible change 
of rate, as already observed in the strain-diagrams of cast-iron. 

The immense magnification, on the strain-diagrams, obtained with 
the torsion machine, of the elongation at the commencement of the 
curve enables the behavior of the materials within this minute, yet most 
important, portion of the entire range to be perfectly represented, and 
permits its examination in a most satisfactory manner. 

27. Tue Ixrivence or Variations or TsMperature. — The effect 
upon the mechanical properties of metal of variations of temperature 
has long been a subject of debate, and one which has not even yet been 
satisfactorily settled by experiment. 

A priori it would appear that, in a perfectly homogeneous material, 
entirely free from internal strain, change of temperature would produce 
an alteration of strength and of ductility which would both be the 
reverse, in direction, of the variation of temperature. 

The forces acting to produce mechanical changes being, probably, 
cohesive force, on the one hand, resisting external forces tending to pro- 
duce distortion or rupture, while the force produced by the energy of 
heat motion conspires with external force to produce that distortion, and 
the molecules being, at every instant, in equilibrium between the force 
of cohesion, on the one side, and the stm of the other two forces men- 
tioned, on the other, variations of form must ensue with every change in 
the relative magnitudes of these forces. A change of temperature pro- 
duced by an increment of heat energy, it would appear, must produce 2 
reduction of cohesion by separation of particles, and the opposite 
change must cause an increase of cohesion by their approximation. In- 
crease of temperature, by reducing the range of action of cohesion by 
separating particles, and causing them to approach the limit of reach of 
cohesive force, would reduce ductility, and the opposite change of tem- 
perature would increase extensibility. The effect on resilience, the pro- 
duct of ductility and strength, would evidently be still more marked 
than the variation of its factors. 


The peculiar behavior of zinc, and the often observed brittleness of 


* Experiments on Metals for Cannon, etc., Rodman, pp. 157-167. 
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iron, at low temperatures, have given cause for doubting the truth of the 
above statement, and until the phenomena accompanying variations in 
homogeneousness of structure and composition, and the introduction or 
removal of internal strain, have been very thoroughly investigated, it 
cannot be anticipated that the subject will become well understood. The 
character of polarity, that force of which the presence constitutes the 
distinguishing difference between solids and liquids, remains to be deter- 
mined, and its determination may be expected to throw important light 
upon this subject. 

Experiments of both physicists and engineers have failed, up to the 
present time, to give as much, and as precise information as is needed 
to determine satisfactorily what rules should govern the proportions of 
structures, whether carrying dead loads or subjected to shocks or blows, 
at any given temperature below the usual range, or even at the low tem- 
peratures to be met during every winter in the latitude of New York. 

In a paper recently published* on ‘* Molecular Changes produced by 
Variations of Temperature,” the writer gave the results of a careful in- 
vestigation of the experimental work previously done, by both philoso- 
phers and engineers, in researches bearing upon this important question. 

28. The conclusions, as there reached, were the following: 

(1.) That the number and the nature of those molecular forces which 
determine the physical condition of matter are not yet fully ascertained, 
but that these forces manifest themselves in, at least, three distinct modes 
of action, and, as thus exhibited, they are known as repulsion, cohesion, 
and polarity. 

(2.) That the force of repulsion is, apparently, heat motion, or some 
closely related phase of energy. That the force of cohesion bears some 
resemblance to that of gravitation, but seems not to be identical with the 
latter, and that the force of molecular polarity, which determines the 
molecular relations of position, seems to bear some distant relation to that 
of magnetic polarity. 

(3.) That the law which governs the variations in intensity of these 
forces with changes of intermolecular distances, is undetermined, and that 
it has not been expressed by any mathematical formula, except approxi- 
mately and for a limited range. 


. 


(4.) That the magnitudes of the intermolecular spaces, and, conse- 


* Iron Age, June, 1873; Van Nostrand’s Mag., July, 1873; Jour. Frank. Inst., 1873; London 
Jour., Jan., 1874. Also in pamphlet, p. 29. D. Van Nostrand. 
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quently, the volume of any mass, are variable with changes in i.e relative 
magnitudes of the forces of cohesion and repulsion. 

5.) That the resistance offered to change of form is determined by the 
relations in intensity of the forces of polarity and those forces which de- 
termine intermolecular distances. 

(6.) That, at the ‘‘absolute zero” (—461.2- Fahr.), cohesion, and 
consequently the strength, of the material has. probably, its maximum 
value, heat-energy having disappeared. 

(7.) That, at very high temperatures, heat-energy exerts a separating 
force upon particles, which entirely overcomes the other forces, and 
matter, assuming the gaseous state, requires the action of extraneous 
forces to preserve its volume unchanged. 

(8.) That, at intermediate points, matter, in either the solid or the 
liquid states, exhibits a definite degree of separation of molecules which 
is determined by the intensity of the repulsion due to heat motion, a 
position of equilibrium being assumed, which, with the same substance, 
is invariable for the same temperature. The application of some kind of 
force is required to disturb this equilibrium and to produce change of 
volume. The amount of this force is determined, for any given extent 
of disturbance, by the maximum value of cohesion for the substance and 
the quantity of heat which has been required to raise it from the absolute 
zero of temperature. 

The sum of the applied force and the force consequent upon the 
presence of heat motion must exceed cohesive force to produce dilatation, 
while this cohesive force, added to externally applied force, must exceed 
the force of repulsion to produce diminution of volume. 

(9.) That the distinction between the solid and liquid states of matter 
seems due to the action, in the former, of the force of polarity, which 
gives stability of form, while, in the latter, this force is extremely feeble, 
disappearing altogether when the boundary line between the liquid and 
gaseous states is reached. 

That combined stability and elasticity of volume may be produced by 
the equilibrium of attractive and repulsive forces, but that stability and 
elasticity of form demand the coexistence of cohesion and polarity. 

(10.) That the general effect of increase or decrease of temperature is, 
with solid bodies, to decrease or increase their power of resistance to rup- 
ture, or to change of form, and their capability of sustaining ‘dead ” 


loads, 
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(11.) That the general effect of change of temperature is to produce 
change of ductility, and, consequently, change of resilience, or power of 
resisting shocks and of carrying ‘‘ live” loads. This change is usually 
opposite in direction and greater in degree than the variation simultane- 
ously occurring in tenacity. 

(12.) That marked exceptions to this general law have been noted, but 
that it seems invariably the fact that, wherever an exception is observed 
in the influence upon tenacity, an exception may also be detected in the 
effect upon resilience. Causes which produce increase of strength seem 
also to produce a simultaneous decrease of ductility, and rice versa. 

(13.) That experiments upon copper, so far as they have been carried, 
indicate that, (as to tenacity), the general law holds good with that metal. 

(14.) That iron exhibits marked deviations from the law between ordi- 
nary temperatures and a point somewhere between 500° and 600° Fahr., 
the strength increasing between these limits to the extent of about 15 per 
cent. with good iron. The variation becomes more marked and the 
results more irregular as the metal is more impure. 

(15.; That above 600° F. and below 70°, the general law holds good 
for iron, its tenacity increasing with diminishing temperature below the 
latter point, at the rate of from 0.02 to 0.03 per cent. for each degree 
Fahrenheit, while its resilience decreases in a higher but not well deter- 
mined ratio for good iron, and to the extent of reduction to one-third its 
ordinary value, or less, at 10° F. when cold short, and, in the latter case, 
the set mav be less than one-fourth that noted at a temperature of 84 
Fahr. 

(16.) That the viscosity, ductility and resilience of metals are deter- 
mined by identical conditions, and that the fracture of iron at low tem- 
peratures has, accordingly, been found to be characteristic of a brittle 
material, while, at higher temperatures, it exhibits the appearance pecu- 
liar to ductile and somewhat viscous substances. The metal breaks in the 
tirst case, with slight permanent set and a short granular fracture, and in 
the latter with frequently a considerable set and a form of fracture indi- 
cating great ductility. The variation in the behavior of iron, as it ap- 
proaches a welding heat, illustrates the latter condition in the most com- 
plete manner. 

(17.) That the precise action of the clements with which iron is liable 
to be contaminated, and the extent to which they modify its behavior 
under varying temperature, remain to be fully investigated, but that the 


presence of phosphorus, and of other substances producing ‘* cold short- 
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ness,” exaggerates, to a great degree, the effects of low temperature in 
producing loss of toughness and resilience. 

(18.) That the moditications of the general law with other metals than 
iron and copper, and in the case of alloys, have not been studied and are 
entirely unknown. 

(19.) That these conclusions are sustained by experiments of both 
physicists and engineers. 

‘The practical result of the whole investigation is that iron and cop- 
per, and probably other metals, do not lose their power of sustaining 
‘dead’ loads at low temperatures, but that they do lose to a very serious 
extent their power of sustaining shocks or of resisting sharp blows, and 
that the factors of safety, in structures need not to be increased in the 
former case, where exposure to severe cold is apprehended, but that 
machinery, rails and other constructions which are to resist shocks, 
should have larger factors of safety, and should be most carefully pro- 
tected, if possible, from extreme temperatures.” 

29. The conclusions above given were deduced from the physical in- 
vestigations of Boscovitch, Coulomb, Henry, Powell, Cagniard de la 
Tour, Andrews, Faraday, Wartman, Robison, Gaudin, Thompson, Ran- 
kine and others, and from the more purely technical researches of Pro- 
fessors Johnson and Norton, Fairbairn, Kirkaldy, Brockbank, Joule, 
Spence, Styffe and Sandberg. 

An apparent discrepancy of results from which some experiments 
seemed to indicate weakness, and others strength of metals as a conse- 
quence of reduced temperature, was explained by the fact that those 
which seemed to prove the first conclusion, were cases in which the metal 
was tested by blows, and those proving the reverse were tests made by 
steady strain. The deduction (11), made above, that tlh result of change 
of temperature, by producing changes of ductility, which were the 
reverse of those produced in tenacity, and that the same bar might thus 
exhibit a higher resistance to static stress while less capable of resisting 
shock, explained the seeming contradiction. 

30. It was evident that, to determine satisfactorily the real effect of 
changes of temperature, it was necessary to obtain a series of experi- 
mental determinations of the simultaneous action of such variations upon 
both strength and resilience. Such experiments could readily be made 
by the method here pursued, and a considerable number of observations 
are represented by strain-diagrams on Plate IIT. 


In these experiments, the machine and the test pieces were placed in 
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the open air where, changing in temperature with the atmospheric 
changes, no error could arise by transfer of heat during the experiments. 
The machine and the specimens submitted to test were always of the same 
temperature. 

The mildness of the past winter has precluded the determination of the 
behavior of iron at temperatures very far below the freezing point, the 
lowest reached being 10° Fahr. 

This is the more to be regretted since, as will be seen, there exists a 
possible change of law near the Fahrenheit zero, and it is extremely im- 
portant to ascertain whether this indication of an anomaly arises from 
irregularity in the quality of specimens, nominally of the same grade, or 
whether it is a real variation of the effect of change of temperature. 

As no previously made experiments combine, in the manner hére pre- 
sented, the various effects of heat upon the mechanical properties of the 
metals, the results obtained are given as a beginning, and the conclusions 
which are deduced from them are given as merely probable, while it is 
to be hoped that other members of the profession, who may be so situated 
that they can readily continue the work at points in the north and north- 
west where a temperature far below zero is reached, will make more com- 
plete and instructive researches during succeeding winters. 

It is apparently quite impossible to avoid error if the attempt is made 
to experiment with specimens cooled down by freezing mixtures, and the 
writer would only feel justified in presenting the results of out-of-door 
work. 

31. Referring to Plate ITI, the strain-diagrams of the best, and of 
medium tool steel, of German and double shear, of the several grades of 
iron and of copper and bronze are given, for temperatures from 70° down 
to 10° Fahr. A diagram is also given in which the horizontal seale of the 
plate is taken to represent absolute temperatures on a one-fourth seale, 
and at ordinates representing respectively 10° 18°, 25° and 70°, the 
resistances of the several specimens are laid off, and dotted lines connect- 
ing them indicate the rate of variation of strength with temperature. 

It will be seen that with the single exception of a scrap gray cast iron, 
presumably unusually impure (Nos. 25, 26), the effect seems invariably 
to have been a simultaneous increase of both strength and ductility with 
decrease of temperature to 18> and usually to 10° from 70° Fahr. In the 
case of the cast-iron, the increase of tenacity and reduction of ductility 
at the lower temperature are equally well exhibited, and the result is a 


slight decrease of resilience, 
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It will be noticed that the general trend of the lines in the diagram 
prepared for comparison of results, is very evidently towards a point 
on the scale (250°), corresponding to a temperature of 1000° above the 
absolute zero, at which point, were the diminutions proportioned to tem- 
perature, the metals would lose all cohesion. Since, however, the law, 
as determined approximately by the Committee of the Franklin Institute, 
is expressed by a parabolic equation, the fact that their melting points 
are nearer 3,000°, or perhaps 4,000°, Fahr. above the absolute zero, does 
not conflict with the results of experiment. 

32. Comparing the several specimens of ‘* good cast-steel,” it is found 
that the four (Nos. 46, 47, 49, 50), whose strain-diagrams are given, 
evidently differ nearly as much in their individual properties as in their 
alteration by temperature. The two pieces tested at 70> Fahr. give a mean 
of strength, ductility and resilience, which is less than either of the other 
specimens. The strongest piece was broken at 18 , while that tested at 
10° is very nearly its equal in that respect, and is more than 10 per 
cent. better in extensibility and nearly 10 per cent. superior in resili- 
ence. The difference between the specimens tried at 10> and at 70 
(average of the two) is about 15 per cent. in ductility and resilience, and 
rather more than 5 per cent. in tenacity. The piece tested at 10” has a 
limit of elasticity exceeding that of the specimens tested at 70) in about 
the same proportion. 

The double shear steels are irregular, as would be expected from their 
method of production, but the greatest ductility is shown by the speci- 
men tested at 25° F., and the greatest tenacity by that broken at 25- also. 
The weakest is that tested at 70, its loss of strength, ductility and resiii- 
ence being very striking. ‘The position of the elastic limit varied with 
that of the ultimate strength. ‘* German” (English) steel exhibits great- 
est strength at 18 (No. 60), greatest ductility at 70° (No. 58) and greatest 
resilience at (No. 25). 

‘*Medium crucible” steels seems strongest at 18° Fahr., most ductile 
and equally resilient at 25, and weakest, least ductile and least resilient at 
70°, Nos. 78, 54, 70 are their strain-diagrams. 

Swedish irons (No. 99 and 100) were tried at 25- and 70), and the 
result is again that the greatest resistance and greatest extensibility occur 
at the lowest temperature, the difference here amounting to something 
less than 10 per cent. at the elastic limit and about one-half as much at 


the maximum. 
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A piece of common iron was selected by the blacksmith trom his stock 
as ‘‘the worst specimen of cold short iron in the shop.” The two speci- 
mens, Nos. 130 and 132, were taken from the bar and tested at 10° and 
70° Fahr. respectively, with a result which is unexpectedly similar to those 
already given in the variation of ultimate strength, ductility and resilience. 
The increase of strength at the lower temperature is apparently nearly 15 
per cent. the increase of ductility about the same, and the increase of re- 
silience 30 per cent. At the elastic limit this is reversed, however, the 
specimen tested at 70° showing the highest elastic resistance. That 
broken at 10°) exhibits a very considerable amount of internal strain, to 
the presence of which may be attributed the exceptional behavior of 
these pieces. A similar difference but opposite in direction and less in 
amount is noticeable in the Swedish irons, Nos. 99 and 100, 

Copper, Nos. 133 and 134, and bronze, Nos, 137, 138, both show a con- 
siderably greater strength at 10- than at 70° and a slightly improved 
ductility. The increase of tenacity and resilience amounts to 20 per cent. 
and 30 per cent. respectively, the ratio being slightly greater at the limit 
of elasticity. 

Cast-‘ron exhibits the most striking increase of tenacity, the ratio of 
increase being above 30 per cent. and in ductility having a mean value 
of 50 per cent. One specimen, No. 25 C, has a serious defect of inter- 
nal strain, but eliminating that by cutting off the sharply curved lower 
portion of the line, it would coincide very exactly with the companion 
specimen, No. 25 D, broken at the same temperature, 25-. 

33. It would seem, after a study of these experiments and after a com- 
parison with those described by other experimenters, that, although a con- 
siderable irregularity, due to ditferences in material nominally of identical 
character, tends to obseure them, that we may feel some confidence in 
drawing the following conclusions in modification and extension of those 
ready given in article 28: 

(20.) That, with pure, well-worked metals, the principle enunciated in 
article 28 is fully illustrated, and a decrease of temperature is accom- 
panied by increase of strength, ductility and resilience. 

(21.) That materials which are impure and irregular in character may 
exhibit exceptions to, and even reversals of, that principle in changes of 
ductility and, while increasing in power of resisting simple stress, may 
lose their power of resisting shock, by a diminution of temperature. 


We may hence feel contidence that, with really good iron or steel, we 


ry, 
. 
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are not exposed to seriously increased danger of failure of structures at 
such low temperatures as frequently oceur in this latitude. 
There is no reason to believe that the familiar effect of phosphorus in 


** cold-shortening”’ iron and steel, when cold, has its maximum effect at 
ordinary temperatures. The experiments of Sandberg would seem to 
prove this effect to be intensified continually with decrease of tempera- 
ture. 

34. Since the above research was concluded, the writer lias become in- 
debted to the thoughtful kindness of Mr. Chas. Francis Adams, Jr., for 
reports, one of which is that of the Mass. R. R. Commissioners for 1874 
containing (page 144, et seq.), the result of an investigation of the cause 
of rail breakage on a considerable number of railroads in the United 
States and Canada. The conclusions given are that ‘‘ cold does not 
make iron or steel brittle, or unreliable, for mechanical purposes,” and 
that ‘it was not the rule that the most breakages occur on the coldest 
days.” The introduction of steel, in place of iron rails has caused an 
almost complete cessation of the breakage of rails (p. 150). 

The deduction which would seem proper in comparing these ijatter 
statements with the work of Sandberg would seem to be, simply, that 
the latter experimented with cold-short rails. The same conclusion is 
given in Sandberg’s own statement of the difference between Welsh and 
French metal. * 

35. We still require, to give us reliable information regarding excep- 
tional cases, a series of experiments to determine the action of exces- 
sively low temperature, and whether the apparent change of law near 
the Fahrenheit zero is a natural or an artificial phenomenon. We need 
to learn precisely the effects of sulphur, phosphorus, and silicon at 
extremely low temperatures. We need, also, and especially, to learn 
by experiment whether extremely low temperatures occurring during 
our winters, produce a serious effect upon iron and steel by the intro- 
duction of internal strain as the material decreases in volume and in- 
creases in density. 

The uncertainty still existing as to the extent to which increased den- 
sity at low temperatures and reduction of tenacity under sudden strains 
at all temperatures—phenomena which have been revealed but not meas- 
ured during the investigations here described—will be recognized by 


every member of our profession as one which it is exceedingly important 


* P. 157; conclusion 3; p. 158, line 4; p, 132, Nos. 21, 24. 
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to remove. It is hoped that it may not long remain, for it is evident 
that, although perhaps improbable, it is not impossible that, notwithstand- 
ing the increase of both tenacity and ductility by reduction of tempera- 
ture, these causes may still conspire to produce increased tendency to 
yield before shock at some unknown low temperature. 

36. The peculiarities of fracture, which have been alluded to, are ex- 
hibited in the accompanying Plate. 

Figures 15 and 16 exhibit the behavior of a bar of iron made at Cata- 
sauqua, Pennsylvania, as broken by Mr. Oliver Williams, at 70°, and, 
again, at 20° Fahr. It is selected from among the specimens in the 
cabinets of the Stevens Institute of Technology. The fracture at 70 
(Figure 15) has the fibrous fracture and all the characteristics of what is 
generally considered a tough and ductile iron. That at 20° (Figure 16) 
resembles the break produced by a quick blow in good iron, or by any 
treatment at ordinary temperatures of a cold short iron. Were the 
conditions stated not known it would be supposed that irons like Nos. 1 
and 16, Figures 5 and 6, were combined in a single bar. 

Figures 17 and 18 illustrate strikingly the difference between the 
specimens of copper, Nos. 87 and 133, which have been already described 
and of which the strain-diagram of the one is shown in Plate IT, and of 
the other in Plate III. No. 87 was east in green sand, and broken at 
70° F., while the other was made from the same ingot, but cast in dry 
sand and broken at 10° Fahr. 

The first is unsound in structure in consequence of the dampness of 
the mould and exhibits a peculiar radiated texture which is probably due 
to the same cause. The second is distinguished by its compact, homoge- 
neous structure, probably due to the freedom of the mould from vapor 
and gases. It presents a beautiful crystalline fracture which is proba- 
bly due partially, if not principally, to the low temperature at which it 
was broken. 

These fractures are extremely interesting from the strongly typical 
features which they exhibit as characteristic of the peculiar conditions 


under which they were produced. 


RésuME. 
37. En resume, a review of this investigation of the nature of, and the 


influences affecting, the distortion and rupture of metals, it would seem 


allowable to accept, as extremely probable, the following 
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GENERAL CONLUSIONS : 


(1.) That accurate strain-diagrams, in which the behavior of the 
material, as distortion progresses, and especially about the elastic limit, 
afford a means of acquiring valuable information respecting the strength, 
elasticity, homogeneousness, ductility and resilience of materials, and of 
tracing the modifications induced by variations of treatment and of com- 
position. 

(2.) That internal strain plays a most important part in determining 
the behavior of materials strained by either static or dynamic stress. 

(3.) That the time, during which applied stress acts, is an important 
element in determining its effect, not only as an element which modifies 
the effect of the vis viva of the attacking force and the action of inertia of 
the piece attacked, but, also, as modifying seriously the conditions of 
production and relief of internal strain by even simple stresses. 

(4.) That with good materials, cold does not produce injury but actu- 
ally improves their power of resisting stress and increases their resilience. 

(6.) That the influence of impurities, of various methods of manufac- 
ture, of changes of density with temperature, and of the causes which 
produce a concentration of the action of rapidly produced distortion and 
of quick blows, are subjects which still require careful investigation. 

(7.) ‘That experiment confirms the theory as to the behavior of mate- 
rials, homogeneous in composition, structure and strain, as expressed a 
priori in 27, and hence a probable deduction that the force of molecu- 


lar repulsion is heat motion. 
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LXNXXIL. 


A RECORD OF EXPERIMENTS SHOWING THE CHARACTER AND 
POSITION OF NEUTRAL AXES, AS SEEN BY POLARIZED LIGHT, 


A Paper by Lovts Nickersoy, C. E., Member of the Society. 


Reap DecemBer 1872. 


Pretounxary.—The experiments recorded in the following pages, 
were undertaken with a view to discover, whether the law of the 
‘Jamination of material in planes perpendicular to the direction of the 
pressure excited upon it,” was a law incidental to a periodic* action of 
force, as pressure ; or only consequent upon tangential stress, faults in 
the cohesion of material, or the running together of internal cells. The 
first of these was made by sending polarized light through plates of 
glass, compressed so as to be bi-refractive either in the character of 
beams or columns bearing weights. 

As some exception may be taken to this apparently absurd means of 
obtaining the course of strains in materials used in coustruction, and 
because glass is itself a useless material for the sustaining of weights, it 
may be well that the experimenter’s reasons for the proceeding should be 
given. The difference in effect between like action on two materials is 
not absolute, but only relative, therefore the effect of the action of force 
in glass must be similar to its effect upon other substances, excepting for 
wmounts and confined qualities. One of these latter is transparency, 


* The word periodicy being used to express a re-occurring phenomenon without reference 
tothe time occupied. 
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but this becomes useful ; and moreover, as the particular results which 


we wish to arrive at are derivable from certain general laws of the ‘* doc- 
trine of forces; which must be precisely the same for all substances 
and only modified, not changed by any particular substance, and which 
the transparency of glass and its bi-refractive quality when strained 
enables us to watch with the eye of the body, in assistance to the eye of 
the mind; we may, in this partial case, completely ignore structural dif- 
ferences. So that, having become satisfied in regard to the general law, 
we may be better able to systematically admit the modifications. These 
modifications, indeed, would not appear to be very great. Glass, cast- 
iron and steel, are all amorphous bodies, yet all composed of segregated 
crystals, and during the experiments a connection was established in the 


characteristic form of breakage ; all asa general result appearing to vield 


in this form: Fig. 1. when the fracture oceurs in a beam between 
asupporting ~*~ point and a point of pressure, and in this 

one when the fracture occurs immediately at a poimt* of 
pressure: Fig. 7. it being readily noticed that the law of 


fracture fj is the same in both cases; Fig. 2 being 
similar to a a Fig. 1, with an opposite duplicature. 
Another and very important link of connection is believed by the writer 
to exist in the relative ratio of their respective resistances to tensile and 
compressive strains, as there is good reason to think that in this respect 
glass occupies a place between steel and cast-iron. These facts, however, 
become of Jess importance as we begin in the experiments to perceive 
the action of general laws, and to refer to their effects without regarding 
the vehicle which transmits them. 

The form of apparatus used was the common one for experiments with 
polarized light, made without the microscope; namely, a bundle of glass 
plates—parts of window panes in this instance—6 by 8 inches. This was 
the polarizer, and one plate of heavy glass of the same size, blackened 
upon its back so as to reflect from only one surface was the analyzer. 
The first is set at an angle of 33- from the window through which the 
light is obtained, and the latter at an angle of 33° from the table upon 
which it is placed, or rather it is so placed that the rays of light reflected 
to it from the polarizer, come to the eye of the observer placed above at 
an angle of 57-. Between the polarizer and analyzer is held a small 
brass clamp used for compressing the object under examination. Look- 


ing into the analyzer, there is seen before compression, the clamp (a 


square frame of brass, with a thumb-screw moving from the top side to- 
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wards the bottom) containing, in position, according to the experiment 
intended, a slip of glass, or a piece of glass tube or rod. 

The glass appears clear and ordinary looking, because of the ordinary 
light which is present, but if our apparatus were so closed up on all sides 
as only to admit of the polarized rays, if would appear black, for in a neu- 
tral or unstrained state, it is not permeable by those rays. ~ Yet even now, by 
close examination, we perceive a cloudiness. 

Brams.—Supposing that our object is a beam, as ( (see Plate), and 
we tighten the screw a little, immediately we obtain clear spaces with 
curved outlines at the top and bottom of the slip, while the darkness of 
the middle portion seems to increase. This dark space, in all its changes 
of form, marks by its outlines the neutral or unstrained sections of the 
beam. As it at first covered the unstrained beam, so it ever, by well 
known optical laws, covers those portions of the beam remaining neutral 
or wistrained. Its increasing darkness, even, is only the effects of opti- 
cal contrast; to pure polarized light it has always been black. Yet it 
does become more aud more defined and distinct and narrower, as with 
the increasing pressure its outline becomes sharper. Soon, from the top 
wnd bottom of our beam, colored curves, each sharply distinct from the 
other, and having for their outlines the mathematical lines of strain, begin 
to make their appearance. As the pressure is more wand more applied, 
they increase in number and brilliancy, moving always towards the neu- 
tral space. To acertain extent, there is a change of form, but the general 
curve is sustained until the period of fracture renders the image but a 
void of broken glass, the fractures of which may now be examined to 
obtain their position and character. 

The images of @ give a good idea of the results appearing in a beam, 
the ratio of whose depth to length is as 1 to 3.5, which rests upon two 
points of support, and which is pressed by a force partially local and 
partially distributed. The pictures opposite each other in the right and 
left-hand columns, are the positive and negative images of the same object 
in the same state. 

The relative causes and properties of the positive and negative images, 
which together form each double picture, cannot easily be discussed until 
we have acquired, later in our experiments, a better knowledge of the char- 
acter of the phenomena, after which, their great co-operative value will, 
doubtless, be admitted. ‘They are, as arranged, images of the same state 


of the same object taken, first in one position, and then in another in 


the same plane, 45° distaut, or by a revolution of the analyzer at eacl 
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90° distance. The words positive and xeyalire are, of course, purely ar- 
bitrary, the negative image being the one occurring when the beam is 
horizontal and the column vertical. 

The first matter which engaged attention and gave a definite course to 
the experiments, was the unsuspected and peculiar form and character of 
the neutral axis, and systematic trials were shortly commenced to arrive 
at a full understanding of its status, under all cireumstances of load and 
position. It will be remembered by engineers, that during the long, pa- 
tient and able researches of Eaton Hodgkinsen, F. R.S., published in 
1842, he took the ground that the nentral axis was shifted by increasing 
the weights used, and, ultimately, that its position should be found at a 
line which would equalize the sum of the stretching and shortening 
forces, by a correspon ling distribution of material above and below it. 
He fixed this line for cast-iron—at the period of rupture—one-seventh 
the depth of the bown from the top, because the resistance to compres- 
sion of that material was seven times as much as the resistance to tension. 
He occasiomuly found rectangular beans, which broke, so that the broken 
edges exhibited a crushing foree for one-seventh of their depth, whilst 
the tearing forces occupied the other six-sevenths, thus apparently cor- 
roborating his theory by an exact distribution of strains, in accordance 
with his previous experiments upon the compressive and tensile resistances 
of the material. Therefore, and most naturally, too, his whole argu- 
ment * makes it clear that he looked upon the neutral axis of the un- 
loaded rectangular beam as a line at first coinciding with the longitudi- 
nal axis, but. which gradually rises towards the concave side at each 
accession of weight. 

In 1855, Henry Barlow, made experiments upon cast-iron 
beams, purely to test this theory of Mr. Hodgkinson.+ In the course of 


these expertments Mr. Barlow decides in direct contradiction to the 


* Hodgkinson—Tredgo'd, page 384, Arts. 89 and 90, and pages 415-17. 


He says: * It has long been known that under the existing theory of beams, which 
recognizes only two elements of strength, namely, the resistance to direct compression and 
extension, the strength of a bar of cast-iron, subjected to transverse strains, cannot be 

conetled with the results obtained from experiments on Cirect tension, if the neutral axis is 
t the centre of the beam. The experiments made both on the transverse and the direct 
toasile strength of the material have been so numerous and so carefully conducted as to admit 
no doubt of their securacy, amd it results from these either that the neutral axis must be at 
above the top of the beam, or there mast be some other cause for the strength exhibited by 

to tra ‘ ess 

In ett f ipon this question, it became necessary to establish clearly the position of 
pout a sad the foliowit e\perments were commenced with that object, but they 
has it Whoeh ar “0 d herein, and which established the existence of a 


teil, Hiport iat clement or stre th in bean. 
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views of Mr. Hodgkinson, that the neutral axis in » rectungular beam 
nnder all cirenmstances lays through the centre of gravity of the beam 
sections, und that there is a third element of strength consisting of the 
lateral adhesion of the fibres—‘* something like frietion”—which in- 
creases with the curvature of deflection. 

Both experimenters start from the same point, viz.: that the trans- 
verse strength of a cast-iron beam is about 2.5 times as great as it would 
be to accord with experiments on its tensile and compressive strengths, 
and each records a different theory from the other in regard to the 
character and position of the neutral axis. This paper will show, that 
while both gentlemen were correct in the experiments made by them, 
these experiments were so diverse in character as to lead to two 
opposite theories by necessity, and by making « connection between the 
two sets of trials, also connect the observed phenomena and correct 
the theories. An attempt will be made to establish that the neutral axis 
isa flexible line, truly parallel to the top and bottom sides of the reet- 
angular beam, and passing through the centres of gravity of its sections, 
only when the load is evenly distributed from end to end, or when the 
beam should be infinitely long ; but that when there is a local pressure 
the neutral axis is more or less governed in its direction and form by 
the strain passing from the point of local pressure towards the points of 
support. 

This mobile character of the neutral axis having been observed by 
the writer in his earlier trials, his first object when systematizing the fur- 
ther experiments was to obtain a law of direction, or rather to examine 
one already prevised. For this reasou the negative image of column uA 
was taken and recorded as evidently the simplest case that could be pro- 
vided of direct compression. Then two slips of glass, ( were fastened 
in the press, so that when the pressure became heavy the two outside 
bottom corners should press against practically inflexible buttresses— 
the inside top corners press against each other—and the inside bottom 
corners and outside top corners of course be free. Thus there would be 
no tension in the beam, as a beam, and the compression could be gov- 
erned by the serew until the coerced corners should be ground to 
powder. ‘The image plainly represents two inclined columns like 
each, or to speak more technically two * struts.’ 

The simplest and most eflicient way to conduct the experiment was 
obviously to make its different steps as closely consecutive as possible. 


The next object, therefore, should be to attain a very small tensile strain 
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with a great preponderance of compression. D, which was the next 
subject of trial, was a very short slip in proportion to its depth, with 
points of support very close together, so as to allow of but little flex- 
ure, and pressed like the rest by the small leather guard of the screw. 
Passing across from the negative to the positive images for reasons to 
be hereafter given, a dark line surrounding a blue figure may be ob- 
served in )), as in the positive of C. Now, this blne figure is the com- 
plimentary or positive appearance of the struts of negative Cand D, and 
the dark surrounding line must, from the law mentioned in the first part 
of this paper, be neutral. In fact, the blue is in a state of semi-neutrality, 
shown by the small amount of the polarized light passed through it. 

Confining the discussion to the neutral axis as it appears in the sub- 
sequent positive images, until experience shall have taught us the co-« 
operative uses of both, let the beam which rests upon inclined but 
partially flexible supports be gradually lengthened in £. The blue 
is now less characteristically a strut, but the dark line still surrounds 
it. Only, however, on the side towards the middle of the beam is 
it plainly marked, and then not more so than in the new portion 
which forms a curve extending from one corner of the ** pressure block” 
to the other. The neutrality in this case, then, is in the narrow band 
running from one abutment mm acurved line to the corner of the pressure 
block, from thence in a curve to the other corner of the same block, and 
from thence in a third curved line to the other abutment, and in two 
branches proceeding from the abutments towards the upper corners of 
the beam ; the space between the first and third and the branches re- 
maining, as it were, semi-neutral. Looking backwards it will be per- 
ceived that the first and third lines, the branches and the semi-neutral 
spaces result from the strut strains, formed by the direct compression 
from the pressure block towards the abutments, and we may begin to 
believe that the second line has been formed by the introduction of a 
distinct tensile strain along the lower part of the beam, creating with a 
horizontal compressive stress the bending moment which is just break- 
ing in to complicate the strains. Simultaneously with this bending 
moment it will be perceived that colored curves appear upon the top and 
bottom of the beam. This beam, however, is far advanced towards the 
point of rupture. 


F is a longer slip in proportion to its depth, but the local pressure still 


upon its centre. In this, the general neutral space is a broken curve or 


arch from one abutment to another, only sending off cloudy branches, 
towards the upper corners of the beam, and the lower corners of the 
pressure block. This slip has, as yet, been little pressed, and the yellow 
color of the curves shows that they have but recently made their 
appearance. In @ is shown the image of a beam upon the border of 
breakage, generally similar in character to /’, but the beam being longer 
in proportion to its depth, the arch becomes much flattened; we still 
observe the running up of the neutral space towards the same points, and 
further notice that they enclose the colored curves in so doing, like the 
quiescent water which lies between opposite vortices. 

Ha, Hb, isa beam with the load equally distributed. The ‘strut 
for: has disappeared from the top and is only marked upon the beam, 
where, starting from the abutments, it becomes diffused about the centre, 
spreading, as might have been expected, when a local strain was changed 
toa general one throughout the whole top of the beam. Undirected by 
i loeal pressure, it becomes undefined and cloudy, the neutral space be- 
longing to the regular bending movement of the beam, detaching itself 
and becoming a horizontal line for the first time. The colored curves 
are regular and nearly equal on top and bottom, and with the exception 
of the ‘ strut force” which appears in the negative at the abutments, 
and the complimentary shading in the positive, there is no sign of local 
pressure. It may be noticed, too, how its colored curves are becoming 
more nearly similar in positive and negative images—how the colors 
are becoming more plainly complimentary in the two images and how 
aun umbra, which is a true neutral axis, surrounds the colored curves of 
the negative and connects them across the centre. Looking back, we 
nay now perceive this neutral axis, in direction nearly perpendicular to 
the one in the positive image, has followed us up from the column to this 
point and will, beyond. 

T isa long beam in the ratio of its depth, and we see clearly how its 
length, or rather its flexibility draws the neutral axis ont into a nearly 
straight direction, parallel with the top and bottom edges ; yet leaving 
perforce a slight upward tendency in the middle of its length due to the 
local force. 

J is different in character from all the foregoing, and in attempt, 
represents a railroad bar pressed upon at one point, resting upon two 
cross ties, and prevented from rising by others, to which it is sup- 


posed to be spiked. Again the self-same laws prevail, the neutral 
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space in general horizontal, tends to bend itself towards each pressing 
point, and as in all the other images to brush out when free. 

Those beams of Mr. Hodgkinson’s, by his own account, which plainly 
showed the neutral axis as being above the centre of gravity of thi 
transverse sections of his beams, were broken ut the centre hy «blow. It 
was, therefore, as these drawings show, the local force and not the ratio 
of compressive and tensile resistances which governed Its position. Mr. 
Barlow experimented with long beams, twice as long in proportion to 
the depth as any of those which appear here, and nearly 1.5 times as 
long as those mentioned by Mr. Hodgkinson in this connection. As 
the increase of the ‘bending movement,’ and the decrease of thi 
‘strut strain” keep pace with this lengthening of the beam in the 
ratio of its depth, he naturally found the neutral axis more nearly 
horizontal and less distorted than even in / Beams of glass, with 
ratio of 1 to 14, which is the proportion of those used by Mr. Barlow, show 
avery faint distortion from the horizontal, and measuring as he did from 
points one foot distant from each other, this slight distortion might 
easily have escaped the scrutiny of his micrometer. Indeed it must 1x 
almost indefinite in beams having a ratio of more than 1 to 10. 

May not it then be said of the neutrality, as it appears by polarized 
light, that it is not a mere line in the mathematical sense of the word, 
but by reason of the cohesion of material or other cause, is extended to 
a breadth, and can never become « true line until the tensile and coim- 
pressive forces become in relation to the cohesion —infinite: or, in other 
words, that although the neutrality of ** stress” is a mathematical line, 
yet as in material it must require a certain definite ** stress” to produce 
a * strain,” the initial ‘* strain,” namely, that sufficient to overcone 
cohesion must be at some distance from the mathematical line of 
neutrality. Beyond this it appears that its longitudinal direetion, like 
the dircetions of lines of strain, is not an arbitrary one, but is resultant 
from the relative qualities and quantities of all the forces in the beam, 
its evident place in pliysies being precisely that of the still water between 
opposing eddies or vortices. 

Posrrive anp Necavive IMaces. —It will be noticed that as yet no 


cause has been discussed for the difference between the right and left- 


* The neutral character of the dark bands is most plainly shown by working at an open 


window, where a large quantity of ordina light is reflected from the polarizer. The neutral 
portions are pervious to ordinary light; and by this means a white #peck set upon the polarizer 
may be made ty pass across them, by a motion of the head, from one set of curves to the other, 


a6 star pasece Ose aclear belt of sky from cloud to cloud 
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hand views in the plate—the positive and negative images. To under- 
stand these, it is necessary to know, generally, that polarized light differs 
from ordinary light, insomuch that instead of vibrating from a centre 
outward in all directions, in the same transverse plane, the pnlsations are 
confined to two directions which, when a completely polarized state is ef- 
fected, are at right angles to each other. In this condition the pulsations 
in one divection are transmitted through certain substances, when the 
beam of light strikes them at particular angles, whilst the pulsations in 
the other are reflected, and rice rersa. Seeondly: if ordinary light, or 
either of these beams, are transmitted through a bi-refractive substance, 
there will be a division into two other beams at right angles to each other, 
and these falling upon an analyzing medium, properly arranged, will be 
either transmitted or reflected, according to the angle of their.pulsations, 
so that the eye will be only able to discern the one retlected or the one 
transmitted. Thus the ordinary light coming through the window was 
polarized by falling upon the polarizer at an angle of 57, one beam was 
transmitted, and, so far as we were concerned, wasted. The other re- 
Hleeted was made to pass through the object which, impervious to it in an 
unstrained state, became pervious and bi-refractive in a strained state, 
»gain dividing the one beam into two. at right angles to each other; the 
one of which is reflected to the eve from the surface of the analyzer, and 
the other transmitted through its face, but absorbed by the blackened 
hack, nntila revolution in part of the object changes the directions of 
pulsation and reverses the condition of the two rays. 

When experiments were being made upon the first tubular bridges, it 
was found that a wave of * buckling” always followed an angle of 45°, 
from the top where the load was placed towards the bottom; even cross- 
ing the stiffners put in to retain this normal angle. This was similar in 
principle to what is here called a strut strain.” Evidently this would 
be impossible in equilibrium, unless there also existed a corresponding 
tensile strein af right angles. <A resultant of these stresses ina beam 
would obviously be vertical, Again, it is known that the principal stress 
in an ordinary beam is the horizontal stress, composed of a compression 
in the top anda tension in the bottom, and that the resultant of these 
is parallel to them and is called generally the neutral axis. There are, 
therefore, two resultants at right angles to each other. 

In the first section it was shown, that the true neutral axis of a beam 


was not necessarily the horizontal line, usually so called, but a line result- 


ant from the actions of both the horizontal and strut stresses, which was 
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derived from the fact that the neutral or unstrained part of the beam co- 
incided with this form. In a beam loaded with a distributed load, or one 
which is very long in proportion to its depth, the strut stresses assume 
angles of 45°, as before shown in the case of the tubular bridges, hecome 
individually small in comparison with the horizontal or flange stresses, 
and the horizontal stresses govern the resultant almost entirely, but as 
the beam is shortened, so that the strut or web stresses between the load 
and abutments, obtain an ascendancy over the flange stresses, then the 
strut stress interferes controllingly with the horizontal stress, and changes 
the direction of the resultant axis until in a column it becomes entirely 
vertical. 

By a re-examination of the drawings it will appear that when the 
strut strains are in an ascendancy over the horizontal strains, the nega- 
tive images are by far the brightest, and although they afterwards become 
duller—as the strut strains become relatively less—yet the preponderance 
of vertical stress is always evident in them On the other hand, the in- 
stant a tensile stress was introduced, so as to oppose the compression or 
strut stress, and resolve the effect into horizontal or ‘ flange” stress, 
the positive images became brighter, and continued so to grow ceteris 
paribus, with the increase of the beam in length, and consequent relative 
increase of tensile and flange strains. Further, it should be remembered, 
that divers stresses may exist in the same piece of material, crossing each 
other, and probably being mutually neutralized at the crossing, but con- 
tinuing on afterwards as individual and intact as when first they met. 

As the glass is pervious to polarized light, when strained, and impervi- 
ous when unstrained, we can only regard the light parts as strained in 
proportion to their brightness, and the dark portions as unstrained or 
neutral; and as the strain is the cause of the bi-refraction, it follows that 
the latter must be governed by the laws which govern the former. Fur- 
ther, the resultant angles of the strains are rectangles, as are the angles 
of polarization, and as the strains change in character, so do the polar 
images change in correspondence. It follows, then, that the images are 
pictures of the strains. 

But this may be examined in another manner. If all the light-—ex- 
cept that which falls upon the polarizer—were dispensed with, the object 
seen by the eye without the intervention of the analyzer, would yield no 
appearance of color, but only white light. Now, all the stresses in a beam, 
when united, must be in equilibrimm, hence the light which measures and 


was produced by them, should also be in equilibrium, or in other words, 
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colorless when the two rays are united. From this is deduced that the 
positive and negative images are complementary in form and color. 

Further, it may be fairly assumed, should these reasonings be correct, 
that if there is any one point in the object which is under no strain, 
whatsoever stresses be applied to the beam, that point must remain dark 
under all revolutions of the object or analyzer. Now, there is such a 
point in the centre of the beam, nearly in the middle of the primary neu- 
tral axis, and between the forks of the strut strains, and which, by laws 
already discussed, resolves itself into a space, and this dark space is 
always observable in the analyzer, forming a sort of nucleus, from which 
the changes from positive to negative and the reverse take place during 
the revolutions. It is obvious that this point marks the crossing of the 
resultant axes, the one formed by the ‘* web” or strut strains, the other 
by the ‘flange ” or horizontal strains, as before discussed. * 

CoLorep Curves AND Seconpary Neurrat Axres.—The appearance of 
the light around the neutral band is the first symptom of distortion in 
the positive image, but soon there appears upon the top and bottom 
edges faint segments of yellow. At the lower side this occupies a large 
portion of the distance between the points of support, but at the top it 
varies with the arrangement of the load, the chord to the segment having 
nearly the length of that part of the beam directly pressed by the load. 
If the load be uniformly distributed over the whole length of the beam, 
the segment is similar at top and bottom, but if this be local, say consist- 
ing of a block of hard sole leather as a guard to the screw, then the seg- 
ment will have about the same length as the block, and two smaller seg- 
ments, differing a little in form, will appear at the sides. Beyond these 
again bright curves appear, as though preparing for the formation of 
more colored segments; but the writer has never succeeded in bringing 
out more than three, with sufficient distinctness in the colors of the extra 
ones to be satisfied as to their character. It may not be amiss to remark 
here, that all the images and colors appearing were quite as distinct as 
the shades represented in the drawings. 

As the pressure is increased, the yellow from both edges moves forward 
towards the neutral band, becoming soon a zone, and a segment of red 
succeeds. Both these continue to move forward with the increase until 
the red, too, becomes a zone and a segment of blue appears. This is the 

* The writer will endeavor, at a future time to present the concordance between the 
mechanical and optical phenomena, more in detail and with greater precision. For the pres- 


ent, relying mostly upon the success of the ultimate experiments to prove the law conceived 
to be true, he has preferred rather to suggest the line of argument than to closely follow it. 
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end of the first series, and we mark with interest that with the blue or 
between that and the red there came a dark mysterious line. Turning 
the screw continuously we force the yellow, red and blue to move for- 
ward, the’ blue becoming a zone, and bearing its dark, lime with it, 
which constantly grows darker, and yellow, red and bine again chase 
each other upon the field to form a second series. The second blue also 
has its dark line. So far [ have found no glass to stand more pressure 
than this. 

Let us now remember Mr. Barlow's words: ‘* But they have led to 
** others (experiments) which are also described herein, and which 
‘establish the existence of a third and very important element of 
** strength in beams.” 

In loading a beam, it is probable that the pressing force first seeks to 
connect itself with, or as it were feels for the points of support ; after- 
ward the bending action commences. Now, suppose the load to be 
very small at first, and gradually to increase, there must be a time, for 
the new resistance can only exist, according to Mr. Barlow’s experi- 
ments, after the beam is bent somewhat—when this resistance is only 
just equal to that portion of the moment of the compressive force 
(we are discussing, for simplicity the top part of the beam), which is 
directly opposed to it, and which may therefore be called the bend- 
ing stress. Taking the vertical section through the middle of the 
beam for the discussion, we may fairly suppose that this occurs just 
when the dark line between the first blue and red comes upon the 
glass. Mr. Barlow has shown that the new resistance or resistances in- 
crease as the beam is bent, but as we know that by the increase of load 
the beam is still further bent, We derive that the bending force increases 
faster. Therefore, if at first the bending resistance, multiplied by its 
minimum statical arm, was equal to the bending stress, multiplied by 
the distance from the neutral axis to the top of the beam as its maximum 
statical arm, which at equilibrium it must have been, it must at last be 
equal to the increased bending stress, multiplied by a shorter arm, 
itself being now multiplied by an increased Jength of arm, whose axis is 
at the top of the beam. The line of equal moment then between 
these two forees must have moved down in the interim nearer tothe 
primary neutral axis. and must continue to move downwards towards 


this axis as the loadis increased. This is exactly the action of the dark 


line in the blue, and its appearance, to one frequently engaged in examin- 
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ations by poiarized light, is that of a line of equal antagonistic forces—in 
other words, a neutral line. 

In a first examination of this matter there seems to be something 
anomalous in the fact of a neutral axis existing amidst distorting forces, 
of a line in the top part of a beam which is neutral, yet growing shorte1 
or in the bottom part and retain its neutrality whilst increasing in length 
Bat itis not so; for if we should load a beam to bending, and ther 
without changing the relative status of its flange strains compress or 
stretch it bodily in length, we should have precisely the same phenom- 
enon—a line which is a neutral line between two forces—yet increasing 
or decreasing *n length by the operation of other forces acting independ- 
eutly of the first. There might be a modification of form besides the 
change in length, but there could be no cause for annihilation. 

Further notice of the movement of this secondary neutral line (if we 
may call it so) towards the primary neutral line, suggests that should the 
two come together, then, according to our former reasoning, the bending 
stress, multiplied by its smallest statical arm, would have become just 
equal to the bending resistance, multiplied by its longest possible statical 
arm (from the top of the beam to the neutral axis), and that any addi- 
tional increase of the bending stress, however small, would bend the 
beam infinitely, becatise totally nnepposed ; or in other words, the beam 
would break. This reasoning was curiously confirmed in the following 
manner; whilst watching the eonsecutive phenomena occurring in 
several slips, set one upon another, thus forming a laminated beam, with 
a small hand microscope, all the slips, save one, suddenly broke. For 
some reason, perhaps from the elasticity of the broken glass, or perhaps 
the serew which had been shortened by the reaction of all the slips, 
began to recover its length when only resisted by one, the secondary 
axis continued to move forward, so that the observer, not having the 
screw to manage, could watch its movements at leisure. As it neared 
the primary axis its curve began to take the form of a bow, the two 
quarters passing the middle in the direction of motion, and when very 
close two loops wet + prominently advanced, first one and then the other, 
As the first touched the primary axis a sharp ** click” was heard, and fine 
fragments of glass flew like hail from the sudden rupture, which followed 
just at haf point, Tmamediately the second loop touched with precisely 
the same phenomena, when the vision was gone and only fragments of 


chiuss remained. It is to be regretted that the flying of the glass particles 


maade it impossible to watch the movements of the secon liury axis in the 
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lower part of the beam, or either of the dark lines in the second blue, 
but closer preparation at another time, when the phenomena is looked 
for, may lead to interesting results. 

Cotumys.—The column appeared to us at first as incidental, taking a 
subordinate place in discussing the general laws of « compressed beam. 
We shall now see that its own phenomena are well worthy of deep study 
—that it resists pressure by strange geometric luws, and marshals its 
forces to oppose coercion from a vast depth of mathematical resource. 

Although with glass, probably on account of its hardness in relation 
to the screw, it seemed impossible, before breakage, to obtain more than 
from 3 to 6 rings at either end, yet when a softer material, such as copal, 
was used, the column was wreathed in colored bands from top to bottom. 
Observe the dark band between the blue and red. Its position is in- 
variable whenever these two colors come together, and from the first 
my suspicions were decided that it marked either an unstrained path in 
the column or a division of equal antagonistic forces. In faet, we ninst 
not regard the lands as horizontal strata, but rather as seetions oi 
oblique planes which follow the directions of stress. (See diametric 
sections A and 2, which are the negative and positive images of the 
same olyecct 

It was with a view of assuring myself of the truth of these suspicions 
that | one day asked permission to search through the store-room of the 
ineis & St. Louis Bridge Company for corroborative phenomena. In 
this room were many objects, crippled and otherwise, which had been 
tested in the testing machine belonging to that company, and I was in 
hopes of finding in changes of form some assimilation to the arrangement 
of colors in the glass columns, an especially something to corroborate 
the ventral character of the dark line, as already provided. There was 
io Want of testimony in any piece of the existence of a wave action in the 
pressure, but in the solid bars this was confined to a cone like flattening 
(upsetting) at either ond, and a determined “bulging” in the middle for 
those compressed, which was reversed in those subjected to tension. — It 
Was common tosteel, iron, wood and cement cylinders (see L). Attention, 
however, Was soon concentrated upon the tubes, albof stecl, whieh plainly 
exhibited a periodic wave apparently at regular distances from end to end, 
Not being prepared at the time to measure them carefully they were left 
for a future occusion. 

Still further to test the matter upon material, whieh would yield form 


mstend of color t 


0 the forces brought to bear upon it, arrangements 
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were made by me for a change of experiment. Definite trials were 
made upon brass tubes .45 inches outside diameter, .35 inches inside 
diameter, and a length necessarily confined to about 1.5 inches by the 
small clamp used. ‘These were compressed longitudinally by a screw until 
the form assumed was permanent. VW gives an idea of their original and 
asstuned appearance. These trials having been carried through some 12 
or 15 tubes and the results subjected to measurement, the store-room of 
the Bridge Company was again visited, and a scale used to measure, as 
correctly as possible, the distance between the waves on the steel tubes. 
Then, with very little labor, the results were tabulated, and with not 
much more (since either the outside or inside diameter, or the radius of 
gryration, were almost obviously the base, and some oblique line pro- 
ceeding from the axis of the tube outwards, as certainly the hypothenuse 
of a triangle of pressure) the following empyric expression was derived, 
which, so faras [ can discover, will locate any wave in relation to another, 
the material of the tube being of course equally resistant from end to 
end. Measuring from ventral to ventral, we have when . == distance, 
R — outside radius, ¢ — inside radius, 7 — constant quantity varving with 
the material alone and dependent upon the angle at which if most easily 


yields. 


This formule seems for brass tubes to become, as nearly as could be 


discovered, 


and for steel tubes, 
RP 


a being equal to unity. ‘The steel tubes measured, varied from 1.5 to 2 
and 5 inches in outside diameter, the waves on the only one of the latter 
present being perceptible, but faint except at the ends, from 1 to 42 
inches in length, and from .05 to .25 inehes in thickness of wall. They 
were 9 in number. 

It became now uecessary to show some cause for these phenomene 
and to bring their relations with the colored rings in the glass column, 
and especially with the dark line between the blue and red, into closer 
connection, With this idea a theory already prevised in part from the 


colored rings was taken up, with what appears to the writer a successful 


issue, as follows, 
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We learn from Rankin’s ** Civil Engineering and Apphed Mechanics,” 
“that no tangential stress can exist as a simple stress, but must be ac- 
“companied by another stress, upon another plane, and that these two 
**stresses have a resultant, which becomes a maximum when they are 
“equal, departing from each at an angle of 45.” 

Let us then consider the condition of a solid or hollow column, 
pressed evenly over the top by a great load, and resting upon a flat sur- 
face at the bottom. Evidently the weight must exert a tangential stress 
upon the walls of the hollow column, or the edges of the ultimate 
particles of a solid one. and as the longitudinal section of the col- 


umn is recta 


ugular, we may look for the accompanying stress to be at 
right angles to it. Let us for convenience consider these stresses to be 
equal, their resultant will have a direction between them and 45° distant, 
and if A represent the column, A 4’ and ut A” will represent the 
resultants of the stresccs. But these resultants act to push the 
material outwards at A’ and 1", and as their action is, therefore, tan- 
gential or distorting, there results from our first law, and «directly from 
this effect, two other * accompanying” stresses, (, A’ and C, A", which 
tend to draw the material atoms from C towards A’and A”, Now, where 
these stresses interfere at 41 1. they mutually neutralize each the verti- 
cal component of the other, so that there only remains at AA” horizon- 
tal forces, and where they interfere at C, they mutually neutralize, each, 
the horizontal component of the other, so that there only remains at C 
the vertical component. equal to the weight at A, with which we com- 
menced this discussion, wud the plane 2, B', is precisely in like condition 
as regards stress to the jrdintae at 4. Jt follows as a corollary that like 
conditions below 2. 4, will produce like results to those at 1, and 


aud so on for any miunber of caual divisions or periods, and it also 


follows that such planes as 2, are unstrained by horizon- 
tal forces, and should. therefore. appear dark in the positive image, and 
that such planes as A 4 Ae. are unstrained by the vertical forces, aud 
honld. therefore, be dark in the negative imayve, which, in the bi-refrac 
tive her light. we find to be trie, whilst in the 
t OCAU Pressed we fined a conucording lorin 

shows the form of the wave assumed by thin brass proba 
Vinieh has for its periods the same formula as the 

ker ole but ditt in the vertiea! fold, and the consequent titer 
wed trianwvulas etion It 3 probable that the vertical fold des 


froma ut definite change, but ouly from a modification of ow 
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and may rather be regarded as a buttress, thrown out by tubes of a cer- 
tain thinness, to resist transverse bending, and from thence propagated, 
by the natural pulling of the force of its creation, upon straight lines, 
and located by the well known properties of the equilateral triangle as a 
perfect figure of equilibrium. Its position in the succeeding period mid- 
way between those formed above it, so that one triangle interlaces with 
and bisects the other, may also be accounted for by the fact that the 
middle of the side of the triangle is its weakest point, and the new but- 
tresses are thrown out there in consequence of greater yielding at that 
place. 

Remarks on ArrenDANT PHENOMEN®.—It was apparent during the 
course of these experiments on columns that each piece of material was 
mechanically polar, or, in other words, had a favorite end. This was 
shown in glass and brass by the end against which the screw-plate 
worked, yielding first. In the thick tubes, and in transparent columns, 
this was followed by the other end, and in the same tubes, and in softer 
transparent material than glass, by the intermediate ventral points. Of 
course, after a certain yielding in glass columns, the balance of com- 
pression was against the brass screws, which then yielded more in this 
direction than the glass, the glass column ultimately giving way by split- 
ting down perpendicularly, as all vitrious substances naturally do, except 
a transverse crushing where the rings had appeared, making a nearly 
cubical fracture. In thin tubes the waves formed from the screw or 
active end towards the other end consecutively. 

When, as frequently occurred, the tubes were not of exact length to 
make a regular succession of equal waves, then the difference was inva- 
riably made upon the base or passive end by a half wave longer or 
shorter than the normal half wave shown at each end in the drawings. 
In only one case was an abnormal wave noticed, this in a brass tube with 
an evident soft place in the material, which divided into tive waves in the 
usual space for four, one wave coming within the soft place. 

In the proposition it will be noticed that the lines A A, aA Ay CoA 
and ( A” are straight. This was orly the natural result of an attempt 
to investigate forces proceeding from one point to another. Subsequent 
experiments, which have not been as yet sutticiently wrought to publish, 
lead me to regard these as curved lines, and to consider the figure <1, 
CoA us approaching an ellipse corresponding to the rhombus shown, 


The figures in the lower divisions would then, of course, suffer the same 


change from the same low. 
14 
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{ have thought if large, hollow columns vielded under the same 
law, and it should appear, as apparent from the proposition and from 
other facts, that the law governs before the limit of elasticity was reached, 
then by reinforcing columns by bands shrunk on at the places pointed 
out by formule, we might greatly strengthen them at a small expense for 
additional material in the shape of rings (See 9). 

In conclusion, it seems to me, subject to higher decision, that the law 
of the periodicity of force in pressures, and probably in tension, has been 
fully proved in this paper, which will assist in accounting for the effects 
of re-occurrent applic ations of force. and for the law of lamination under 
pressure, In planes perpendicular to the direction of pressure. 

Mr. Cartes experiments upon which formule in 
commen use, for the proportion and strength of beams, are based, were 
made upon cubes of the materials tested ; and it is found that the con- 
stants derived are inapplicable to ordinary cases in practice. It is 
known that a beam, loaded so that its outer fibres by formula should 
be under a maint strain, will stand a greater load. The constants 
employed in calculating the strength of a beam should be determined 
froln experiments Upon a similar beam of the same material, and not 
those given for direct tension and compre ssion. 

Mr. Atrrep P. recent comparison of various standard 


formule for the strength of beams, made by taking a given beam and 


ealenlating, with each formula, its safe load. gave as follows :—twe, 25 
tons; one, 50 tons: and one, 57 tons. The last was from Mr. Baker's 
formula. in which he has introduced the resistance due to flexion The 
beam taken was 3 by 6 inches, and 5 feet long. Engineers should know 


more of the strength of materials. The formule used involve the ap- 


plication of constants ranging variously from maximum to 
strength These often differ widely and. therefore, vis re- 
sults 


Prov. De Votson Woop. point of greatest inter 
paper read, is whether the neutral axis is a line, or a space as water in an 
eddy. Tn regard to the neutral axis and strength of beams, as determined 
by ordinary roles, the fact is, if we assume ina bent beam that the ex- 
tensions and proportional to the distance of the ele- 
ments from the ventral axis, and take the modulus of tenacity or of 
crushing, as the case may be, for the modulus of rupture of the beam, a 


beam proportioned in wecordance therewith will have an excess of strength 


* A portion of the following was presented, through the Secretary, February Mth, 1875 
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To illustrate this, take the case of cast-iron, which is the best example in 
practice :—the mean tensile strength (7) of cast-iron is 16,000 pounds, 
and the mean crushing strength (() is 100,000 pounds, or, for conveni- 
eee, SIX times as great as the other—96,000 pounds. If the beam is 
rectangular, supported at its ends and loaded in the middle, we have 
the well known formula : 
-Pi=i 

in which /? is the weight, / the length of the beam, / its breadth, ¢/ its 
depth, and R the modulus of rupture. According to the theory, the value 
of R should be 16,000 pounds, but according to experiment’ it is found 
that the mean value of PR for cast-iron rectangular beams is about 36,000 
pounds. Former writers do not explain this discrepancy, but simply 
whit a defect in the theory. and puss it over by saving that a proper co- 
efticient of safety will make the formula a safe one. Barlow detected a 
new element of streneth. which he called * resistance to flexure.” aterm 
which is unfortunate, as all the forces ina beam which resist bending, are 
‘osistances to Hexure; longitudinal shearing resistance is a better 
term, and one now used. This force is the resistance of the fibres to he- 
ing drawn over each other. Ti there were uo such resistance the tibres 
would retain their original length. To illustrate, suppose that several 
very thin but perfectly smooth boards of equal lengths were placed above 
exch other, and supported at the ends. Tf now the pile of boards is bent, 
ell the boards will retain their original length, and the ends will set past 
each other, as shown in Fig. 3, but the 
general range of the ends will be parallel 


to each other. If we suppose that there 


is frietion between the surtaces of the 
successive boards, the Upper ones will necessarily be shortened, and the 
lower ones elongated. Ina beam, the consecutive elements are united by 
cohesion, and Barlow found by a critical examination of those of cast 
saul wrought-iron, that the transverse sections remained normal to the 
ientral axis during flexure, and in this case the ends will not be parallel, 
as seen in Pig. 4. Mig. 4. This being so, and bear- 
ing in mind the (?) analogy between this 
cause and that of * a the thin boards, we see 
that besides the forces which produce 
direct: elongation and compression, there is a force between the con- 


secutive clements somewhat analogous to friction :—this is longitudinal 


shearing resistanee. Barlow found the laws whicli govern this resist- 
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ance at the point of rupture, and modified the formule accordingly. 
The mode of his investigation and his results are fully described in the 
‘** Civil Engineer and Architects Journal,” Vols. XIX and XXI.__ I con- 
sider them the most weighty and valuable sets of experiments that have 
ever been made upon beams, so far as theory is concerned. 

It is evident, the ordinary law that the strains vary as their distance 
from the neutral axis cannot apply to I sections, for to secure such action 
there must be at least a continuity between all the elements of the flange 
and those at the neutral axis. Barlow made his formule applicable to 
this case, but it is equally evident that they cannot be rigidly correct. 
In all flange sections there is a peculiar combination of the strains about 
the angles where the flanges join the web, and it seems impossible to as- 
sign the laws which govern them. 

Prof. Norton, of Yale College, determined from direct experiment, 
the fact of a transverse shearing resistance in beams, and also the laws 
which govern it for rectangular beams. His article was published in 
the *‘Journal of Arts and Science” and in ‘t Van Nostrand’s Eclectic 
Engineering Magazine.” I had detected the same analytically. If 
transverse elasticity only existed in a beam it would be deflected. To 
show this by a figure,—suppose that short portions of the beam were 
perfectly non-elastic, and that between these were elastic sections. Then 
will a beam which is supported at its ends, and loaded at the middle be 
deflected, as in Fig. 5. If the beam has Fig. 5. 

a continuous transverse elasticity, it be- 
comes evident that the deflection will be 
as shown in Fig. 6. The deflection due 


hig. 6. to this 


(P) cause is additional to that due to Na- 


vier’s theory, while longitudinal elastic 


shearing resistance will diminish it. 

It is worthy of note that the strength of beams, as determined from 
Barlow's new formule and constants, agrees remarkably well with the ac- 
tual strength for all the forms which he used. It is hardly to be expected 
that a simple Jaw, or Jaws, can be given which will be applicable to 
all the forms of beams now used in practice. The constants which are 
determined from solid rectangular beams will doubtless apply practically 
to solid beams of all dimensions, but not to other forms. For instance, 
if solid cast-iron beams give 2 36,000 pounds, it will not be safe 


to use this value for hollow beams, or I beams. For such beams 


1 16,000 pounds is safe, but may give an excess of strength. 
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Mr. Boutier.—It is best to make a beam proportioned similar to those 
to be used. Break it and deduce therefrom a constant. The formule 
for I beams are safer for thin than thick webs—say }-inch web and 4-inch 
flange. 

Pror. Woop.—The experiments of Baron Von Weber, ‘‘ Engineer- 
ing,” 1870, showed that the web had never been made too thin. 
Where the flange and web are joined there should be a large curve. 

Mr. Macponaip.—In T. C. Clarke’s description of the Quincy Bridge, 
there is a statement that 12-inch I floor beams, 15) feet long, suspended 
in pairs from panel points about 12 feet apart, and carrying a single track 
of 4 feet 8) inches gauge, scareely deflected under 2a maximum engine 
load, which caused a strain upon the outer fibres at least equal to 14,000 
pounds per square inch, according to formule in general use. 

Pror. Woov.—We should not proportion structures in reference to the 
ultimate strength of the parts, but in reference to their elastic limits. 
The elasticity of the material should not be damaged. Some irons which 
are very tenacious have a low limit of elasticity, while others, and espe- 
cially certain grades of steel, seem to preserve their elasticity for a strain 
nearly equal to half their tensible strength. Capt. Eads, in the construct- 
ion of the St. Louis bridge, insists upon preserving the elasticity of the 
steel, and very careful experiments are made to determine its elastic limit. 

CoL. W. E. Merriti.—I regret I cannot give this as thorough an ex- 
amination as Lcould wish: It opens a field for investigation that promises 
the most useful results in a matter of vital interest to Engineers and Ar- 
chitects, and in fact to every one: the laws of the action of strains on 
materials used in construction, and the proper method of meeting and 
sustaining them with assured safety. Being quite unfamiliar with the use 
and laws of polarized light, [ do not feel competent to discuss the very 
interesting results obtained, but the method chosen, and the means pur- 
sted, seem most admirable. The plan of using glass to tind out the laws 
of steel and iron, reminds me of the practice of physicians in ancient 
times of determining the laws of the human body by experiments upon 
inferior animals. The limitations of sense having apparently put an in- 
superable barrier to the examination of the interiors of opaque bodies 
under strains, the method by analogy seems the sole one that is open to 
us, aided of course by what we can see on the surface, and detect after 
fracture. 


Lhave often thought it desirable to be able to see exactly how the 


strains in the different members of a truss bridge were working during 


different positions of the moving load. The method of Mr, Nickerson 
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seems to offer that long-needed means. Further experiments will, prob- 
ably, enable the experimenters to decide with fair accuracy upon the 
magnitude of an unknown strain on a glass column, by comparison with 
the observed effects of a known strain upon a similar column. T would 
suggest that a model of a Howe truss bridge be made with glass 
members and metallic joints, so constructed as to permit the ready 
insertion or removal of glass columns, acting as struts, ties, and chord 
segments. [ believe that such a model can be made and so adjusted 
that broken parts can easily be replaced. If then the method with 
polarized light be used, valuable information about points now some- 
what obscure, could be obtained so as to command jiniversal credence. 

The proposed strengthening of tubes by external rings, at regular 
intervals, is a very curious result of the experiments. and if confirmed 
by practice, will be a valuable discovery. ‘The whole discussion illus- 
trates most admirably the inter-dependence of all branches of physical 
science, and the absurdity of considering any discovery useless. no 
matter how far it is apparently removed from a possibility of practical 
application in the useful arts. Hitherto the polarization of light has 
seemed a curious and occult phenomenon, of no particular utility, and 
only interesting to the uan of abstract science. and here it suddenly 
springs up as a trustworthy means of unveiling the secrets of nature, 
and promises as great a future of discovery as the spectroscope, 

How. Wittiam J. McAcpixe.—-As a practical question, the Civil En- 
gineer has almost never to deal with glass as a material of strength. but 
it must be evident to all, that it will be affected in the same way as any 
other material of similar construction, and henee that the effects of 
strains upon glass will be similar to those upon cast iron. At least the 
experiments made with such apparent care would be of great value in 
determing the law upon the subject. 

It is a singular characteristic of this age that every discovery in 
science is made applicable to the service of our profession. Five verurs 
ago Prof. Airey (the Astronomer Royal) gave a paper on a new system of 
calculating the strains on each member of a truss, by a model in steel, 
which he had exactly duplicated. When the model bridge was loaded 
in all of the various ways, each member was struck, and the correspond- 
ing duplicate was loaded gradually until the two were in accord. The 
load on the duplicate indicated the strain on the corresponding member 
of the truss in position and under its load or strain. ‘There we had sowad 


to determine a most important engineering question ; and now we have 


light in one of its forms of action. 
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Gen. J. G. Barxarp.—I have been unable to give the matters pre- 
sented by Mr. Nickerson the study required fora full appreciation. I 
would remark, however, that the peculiar circumstances under which the 
experiments for the neutral line or axis are mule, are really foreign to 
the subject of the position of that axis as it is presented to the engineer 
in connection with the theory of the strength and stress of beams. That 
theory and the formule deduced, are, like nearly all our mechanical 
theories of the properties of matter, based on somewhat rude assump- 
tions. Moreover, the formule for ** beams ” really suppose the length to 
be very great, compared with the depth—practically infinite. No one 
supposes that, in pieces so short as the glass specimens experimented upon, 
the strains,” stresses” and ‘strength would be represented by the 
usmal formule for ‘beams. That theory ignores all strains,” in the 
technical sense of the term, except those due to the elongation of fibre 
on one side of the nentral axis, and its forced contraction on the other. 
It is far from being a true exposition of the phenomena which are 
developed by the bending of a beam. The truth is limited by the im- 
perfection of elasticity, and by any amount of deflection given to the 
beam beyond a very limited and exceedingly sgull amount ; for tangen- 
tial (or shearing) strains are disregarded, 

The experiments upon pieces so short as those used by Mr, Nickerson 
develope phenomena which scarcely belong to the theory of beams, or to 
the position of the * neutral axis” in the usual acceptation of the term. 
I do not, in saying this, depreciate the value of experiments of that kind. 
They are directly applicable to the illustration of the strains produced in 
cohunns—and in all pieces subject to similar stresses. I would remark, 
too, that glass, to the extent to which it is capable of receiving change of 
form without rupture, is almost perfectly elastic. Tron is far from being 
so, at least bevond the narrow limit to which it may be distorted without 

Tam not familiar with the investigations of Mr. Barlow, but if the 
stress: in a bent cast-iron beam be a * uniformly varying ” one, he must 
prove, T think, that the co-eflicient of elasticity is constant for all degrees 
of extension. That co-efficient for wrought iron varies in 2 table given by 
Morin (taken from Hodgkinson) to an extraordinary degree: being for 
extreme extensions, only about .!. of its value for very small extensions; 
though within limits of practical strains -say to about 18,000 pounds per 
square inch, the variation is small, say )2 of its maximum. For cast-iron 


the co-efficient for extension exhibits some variation also, in’ practical 


limits of stress, that is, within limits of safety. For compression, both of 
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cast and wrought iron, the co-efficient is (within practical limits say up to 
15,000 or 18,000 pounds per square inch) more nearly constant in both 
materials. 

In the experiments* made by me on the strain and rupture of beams 
of forged and cast-iron (of dimensions never before experimented upon, 
I believe), the co-efficient of elasticity as deduced, from the assumption of 
a ‘‘uniform varying stress” in the cross section, and a central neutral 
axis, varies in one of the forged specimens from 1,482,000 to 9,558,600 
pounds per square inch—the smaller co-efticient corresponding to the 
extraordinary extension of fibre of .0463 and a ‘tensile strength ” of 
68,450 pounds per square inch—(calculated from the amount of deflec- 
tion of the beam)—and this extraordinary extension and this high tensile 
strength is exhibited in the iron of a heary forging—i.e. in a forged 
beam, 15 by 12 inches in rectangular section. On the other hand, a cast 
iron beam of the same dimensions, rupturing under a force of 276 tons 
with a flexure of {-inch (the supports being 77 inches apart), exhibited 
a (calculated) extension of fibre of .00573+ and a co-efticient of elasticity 
of about 40,000,000 pounds per square inch; and at the lesser flexure of 
} inch (the only other observed), the co-efticient was about the same. 

The variation of the co-efficient of elasticity under different degrees of 
extension, seems to me to be proof positive that in a bent beam there 
cannot be ‘‘ uniformly varying stress "’—for while the extension of fibre 
varies, as it must do, nearly uniformly from the neutral axis to the 
exterior, the co-efficient of elasticity, the constancy of which is essential 
to a corresponding uniformly varying stress, is, in wrought iron, far 
from being constant. The co-efficients for cast-iron vary much less than 
for wrought iron—and indeed, my experiment just cited, with a cast- 
iron beam while developing an *‘* extension” of .00573, which is nearly 
four times as great as the maximum extension in the table of Hodgkin- 
son’s results, given by Morint .00155, indicate at that extreme extensiou 
the same co-efficient nearly, as for the less extension of .00382.  Hodg- 
kinson (as quoted by Morin) gives almost identical co-efficients of elas- 
ticity for cast-iron for compression as for extension: hence it may be 
presumed that the same is the case in the cast-iron beam ruptured by me. 

There is, therefore, in this important experiment—the largest beam, 


I believe, ever ruptured experimentally —some confirmation that, for cast- 


* Transactions XIV. 


+ On page 5 of the paper referred to, there are errors in the printing of the figures for the 
“extension of fibre.’’ They should be .00382 and .00573. J 
Resistance des Matériaux.’’ Morin.—1855. 
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iron, Barlow’s theory is true, viz.: that the stress in the cross section 
is a uniformly varying one, and that the neutral axis ‘traverses the 
centre of gravity.”” Yet from this experiment we deduce a discrepancy 
between the ‘‘modulus of rupture” and the ‘‘tensile strength” of the 
iron, even greater than for the case of the wrought-iron beam in which 
enormous variation in the co-eflicient of elasticity is clearly shown. |The 
moduius of rupture for the 12 by 15 inches cast-iron beams would be, in 
one case, nearly double—in the other about 1.5 times the ‘“ tensile 
strength.” 

Mr. Barlow is probably right in the opinion (as stated by Rankin), 
**that the curvature of the layers of the beam produces a peculiar kind 
of resistance to bending, distinct from that which arises from direct 
elasticity.””. It is evident that the theory of a horizontal neutral axis, 
however convenient, cannot be’a true representation of the phenomena 
of the resistances developed in bending a beam. 


Let us suppose the solid rectangular beam A, B, C, D), Fig. 7, resting 


Fig. 7. upon supports at extremities to be bent 

A ! B toa given deflection by a force P applied 
‘mi at the middle. The neutral axis along 
~~ Me the middle (aecording to theory) would 


be the line m », and moreover the entire horizontal section m x is in a 
rectangular section (or other symmetrical section above and below this 
plane), reckoned as neutral. But it is evident that it cannot be strictly 
so—evident that to stresses transmitted across it the three-fourth’s com- 
puted resistance to tlexture is due. For, let the beam be split along the 
section now, it will become two beams, of which the contiguous surfaces 
mn will slide over each other, and, the flexure being maintained the 
same, the two halves will appear as in Fig. 8. 


Fig. $8, and the force to produce the, 


] 


P 
flexure will be but 1 There cannot, 


then, be a neutral jine or plane along im 


wv, and it may be doubted whether there can be really neutral lines or 
planes anyirhere in a bent beam. 

Researches with a perfectly elastic material, as glass, and one, too, 
which can be made to reveal to the eye indications of its internal strains, 
cannot but throw light upon one of the most difficult problems in me- 
chanies, viz.: the internal strains of solids subjected to the action of 
external or internal forces. The general problem can be stated mathe- 


matically ; but the analytical solution, except for a few simple cases, 
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deties mathematicians. That portion of Mr. Nickerson’s researches con- 
cerning the strains in hollow columns is very interesting, and [am in- 
clined to regard his views on the * periodic” character of the strain, 
and upon the means of counteracting it, as well founded. 

Mr. E. A. Fvertes.—Some time ago I noticed a flare or wing-like 
streak of light when examining the image of a star through my equi- 
torial telescope. Fearful of some accident having taken place and im- 
paired the object glass, and not being willing to remove it from its cell, 1 
held in front of it a spirit lamp, on the wick of which T had poured some 
common salt. Tat once observed the formation of Newton’s rings on 
the lenses, but near the edge of the cell holding the lenses, the rings, 
instead of being concentric were scalloped, or bent inwards towards 
their centre. Remembering experiments made by Pasteur, upon the 
pressure of mercury over a thin glass surface, [ further examined the 
cell, and found that the disturbance of Newton’s rings occurred near 
one of the screws which held the cell on the barrel of the telescope. I 
loosened the screw, and, to my great and natural delight, the interference 
suddenly disappeared. It was then evident that the cell had contracted 
through cold since the time at which it was screwed in the telescope, 
and that the pressure produced by this contraction caused the impertec- 
tion of the image, the location and extent of which was revealed by the 
soda light. 

Gen. T. G. Evxis.—Several years ago T gave much thought to the 
subject of strains in beams, and regretted that those who had given their 
attention to experimenting, had pursued their investigations in so un- 
scientific a manner. Mr. Nickerson’s examinations are a step in the 
right direction, althongh IT do not see that he has developed much more 
than has heretofore been done by Wertheim of Paris, who invented an 
instrument for the determination of strains and pressures by the colors 
of polarized light. Prof. Tyndall has also done the same. I sincerely 
hope that Mr. Nickerson will pursue the matter further. What we want 
to know is the elastic resistance to tension and compression in any one 
substance, as glass, and the effect of a weight upon a beam of the same 
substance. Then, knowing by experiment the elastic resistance in both 
directions of other substances, we might reason with some hope of suc- 
cess upon the position of the neutral axis of beams of different sib- 
stances. In my opinion a great error of writers on the strength of beams 


is, in assuming that equal strains will elongate and compress the same 


substance to an equal amount, thereby making the neutral axis of the 
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horizontal strains in the middle of a rectangular beam ; also in assuming 
that the elastic resistances are proportional to the ultimate resistances of 
the material. 

One part of Mr. Nickerson’s experiments that I do not clearly under- 
stand, is, how polarized light can show a neutral axis in a glass 
beam supported at the ends with a weight in the middle. It seems to 
me that it should show only a neutral pofvt in the middle of the beam, 
under the weight. There are diagonal strains in all parts of the beam 
except this central point, and diagonal strains should transmit the po- 
larized rays as well as the horizontal ones. That there are diagonal 
strains in all parts of the beam, although they may be very small in the 
upper end corners, may be shown by supposing the whole to be divided 
into very thin horizontal lamine. The flexure of the beams by the 
weight would then cause all of these to slip one upon the other. This is 
resisted in the solid beam by the diagonal resistance of the material. 
The additional element of strength referred to in the paper, is, I appre- 
hend, not due to the absolute resistance of the material to the sliding of 
the laminze upon each other, or the *‘ horizontal shearing strength” as 
it has been called, but to the elastic yielding of the fibres of the ma- 
terial, which, without diminishing their ultimate strength, allows them 
to slip, so to speak, upon the next interior fibre, so that the latter are 
drawn to a greater tension, or subjected to a greater degree of compres- 
sion than they would be if there were no such lateral elasticity between 
the fibres. The outer ones would be ruptured as soon as their limit of 
elasticity was reached, and before a full strain was brought upon any of 
the interior fibres, were it not for this action. 

Gen. J. G. Barxarp.—I am disposed to think Barlow’s position un- 
tenable, that the neutral axis cannot be in the centre of gravity, when 
the breaking strain is in excess of the result given by formula founded 
on that assumption. There is no more radical law of, mechanics, than 
that the forces across any section must be in equilibrium. ‘Take a cross 
section of a beam, and these forces cannot be in equilibrium if the 


neutral line is through the centre of gravity when the breaking force is 


found to exceed that due to tensile strength of the iron. 
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LXXXIII, 


METHOD PURSUED IN REPLACING A STONE PIER ON A 
PILE FOUNDATION, 


A Paper by J. Atberr Monrog, C. E., Member of the Society. 


Reap Marcu 1874. 


The stone piers for the bridge of the Massachusetts Central R. R., over 
the Connecticut river at Northampton, Mass., rests upon a timber foun- 
dation, consisting of piles and grillage. The piles were cut off 2 feet 
above the bed of the river. The grillage, consisting of 3 courses of 12- 
inch timber, was placed in position over the piling, and the masonry 
commenced, being lowered as the work progressed, by means of screws, 
in the ordinary way, until the grillage rested upon the piles. The gril- 
lage for pier No. 8 was prepared on the shore during the winter of 
1872-3, and, after a canal was cut through the ice, it was floated into 
position sometime in January, and the construction of the masonry at 
once entered upon. The work proceeded with proper dispatch and with 
no drawbacks until 2 courses of stone were laid, 2 feet thick each, when 
suddenly the screws let go their hold upon the grillage, and the entire 
work disappeared in about 18 feet of water. 


The false works and various obstructions in the river caused the 
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formation of whirls and counter-currents. A careful study of. the cause 
of this mishap led to the belief that the ice which had been cut out for 
the canal and at the site of the pier, and which, as the easiest way of 
getting rid of it, was shoved under the stationary ice, had been taken up 
by these whirls and thrown against the grillage with sufficient force to 
bruise and weaken the horns to which the screws were attached, which 
conclusion was confirmed by the subsequent examinations of a diver. 
Operations on this pier were then suspended until the season of low 
water, in the summer of 1873. 

A careful examination showed that the masonry had not changed its 
position on the grillage, nor had it sustained any injury. The grillage 
rested upon the piling very nearly in its proper position, up and down 
stream, but in its descent it had moved easterly, so that its upper end 
was about 13 inches out of place, and its lower end about 14 inches. 
The question then arose, between the contractor, Mr. Smith of Spring- 
field, and the company’s engineer, Mr. Frost of Boston, as to whether 
to proceed with the work and finish the pier in that position, or 
to move it to the position in which it was first intended to place it. It 
was finally decided to leave the matter to referees, of whom the writer 
was one. The referees met, and it was determined to let it remain where 
it was, if, after thorough investigation, it was found that the grillage 
rested upon a sufficient number of piles to support the structure—pro- 
viding the piles were properly distributed. 

A diver was procured and a complete survey made, which resulted in 
the referees ordering the grillage and masonry to be moved into the 
position first intended for it. This decision having been arrived at, it 
became a question whether it would be more expedient to take up the 
entire work and commence anew, or to endeavor to move it bodily into 
position. The latter course was determined upon, after discussing 
various methods for accomplishing the object. 

A plan was adopted, the details of which were worked out by Mr. 
Smith, and, on September 10th, the mass was moved successfully into 
place in 7 hours. The pier is 12 feet 6 inches wide, and 42 feet 7 inches 
long on the bottom, and when moved was 4 feet high, resting on a grill- 
age 3 feet thick, making a total height of 7 feet, against which was quite 
a strong current, striking it oliiquely at an angle of about 35». 

The method employed was substantially as follows ; a framework of 


piles, heavily capped, one side of which was 3 inches higher than the 


other, to facilitate the movement of the rollers, was first constructed 
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around the pier. Across this, and over the pier, were placed timbers, in 
pairs, equal in number to the number of screws employed. Above each 
of these pairs was a single stick of timber, from which the screws for 
lifting the pier depended, the screws passing down between the two tim- 
bers first mentioned. Between the sticks of timber in pairs and the 
single stick was a set of rollers, and between the rollers and the timber 
were iron plates. Other timbers, to which was fastened railroad iron to 
strengthen them, and at the same time to counterbalance the buoyancy 
of the water (which it was necessary to-do in order to facilitate the 
handling of them under water), were placed by a diver under the grill- 
age, and between the rows of piling. The screws were attached to these 
timbers by means of yokes. When the preparations were completed, the 
screws were turned until the grillage cleared the piling, when, by means 
of the ordinary iron clamps used in the construetion of bridges and 
similar work, the pier was moved into place. 

The principal feature of this operation is, that it was accomplished 
without the aid of any tools or material other than such as were at hand 
and on the work, excepting the diving apparatus which was necessary in 
order to get the timber under the grillage. The framework and screws 
were the same as employed in lowering the masonry of all the piers : the 


timber used under the grillage, and thet used in connection with the 


rollers was procured for the tloor-heams of the bridge. 
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LXXXIV. 


EUROPEAN RAILWAYS—AS THEY APPEAR TO AN AMERICAN 
ENGINEER, 
A Paper by W. Howarp Wurre, C. E., Member of the Society. 


Reap May 1874. 


\ railway built upon the American iden of first getting the line built 
on a cheap system, and then bringing it up to first-class rank as the 
receipts permit, is a thing almost unknown in Europe. In but one 
case, the writer noticed a road being built upon the economical plan, 
with wooden bridges. 

One thing that strikes an American curiously is the immense amount 
of trouble taken by engineers in laying out work for contractors. The 
immense number of all sorts of signals, grade posts and profiles, the 
latter not only for banks and ents, but even for borrow-pits, would 
render nearly double the number of engineers necessary with which an 
American road is built. 

In making banks, it is the practice to remove the surface of the 
ground, in case it is either of bad material, or where it furnishes sod 
for covering slopes, Which are almost always either sodded or carefully 
planted with grass seed, producing undoubtedly a great saving in the 
after expense of cleaning ditches in cuts. Upon one road in the Tyrol, 
a curiously favorable combination of circumstances was seen in a low 
bank across a meadow, formed from side borrows. The sod from the 
base of the bank was just sufficient to sod the slopes, and at the bottom 
of the side borrows was found a nice laver of clean gravel for ballast. 

Tunneling has been carried to a point in parts of Germany—notably 
in the Brenner Pass in Tyrol, and on a new road in the Black Forest 
the equal of which would be hard, if not impossible, to find in other 


countries. Tn one place on the latter line, the engineer having run his 


gerade into the bottom of the valley he was climbing, boldly turned 
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somewhat more than a quarter circle directly into the hill—instead of 
crossing the valley—and came out again on the same side of the 
valley, above his previous line. At another place he made a curve of 
somewhat more than 90° underground, and then reversed for 30° before 
coming out again into daylight. The plan of this Black Forest line 
is a curiosity of itself. It presents two complete S's, in the necessity 
the engineer was under to get the distance for a certain grade, and there 
are 25 tunnels in a distance of less than 17 miles, ranging from mere 
bridge arches in point of length, up to the summit tunnel, which is over 
a mile long. 

Tunnels are made in many cases, where, with us, they would be de- 
cided, extravagances ; but the circumstances are so different—what with 
the greater cost of the land, and the less cost of labor—that it is im- 
possible as a mere looker-on to judge them. European roads use a 
greater depth of ballast than is common with us, though perhaps no more, 
except in rare cases, than is usual on our first-class roads, 18 inches being 
about the average. The profile of the ballast is generally level or nearly 
so for the whole width of the road-bed, the entire reliance for drainage 
being upon the porosity of the material used. German roads, including 
those of Austria (of which the practice is in the main the same), ballast 
up to the top of the tie; the English, half-way up the web of the rail, 
leaving at every third or fourth tie a cross-gutter between the ties ; while 
the French ballast up to the bottom of the top rail-table, rounding the 
ballast on the inside of the track, however, so as to carry it down to the 
bottom of the splices at the rails, while remaining of the full height at 
the centre. The latter practice deadens the noise considerably, but is of 
course very inconvenient for ‘ surfacing” track. 

One is struck even in Germany, where railways are built in a more 
economical manner than in France or England, with the extravagance, 
as it seems to us, in certain ways, such as the use of skew bridges, for 
instance. In a short length of road, over an insignificant stream, one 
will see two or three skew bridges, where the stream could easily have 
been turned, to the avoidance of the extra expense. Another favorite 
and useless feature are the double-deck stone bridges to be seen in 
various parts of Europe, notably on the road over the Lemmering Pass, 
not far from Vienna. The engineers of these bridges seem to have been 
afraid of having the piers shaken down by the motion of the train, and 


have consequently built their bridges in two tiers of arches, the lower 


tier serving the imaginary object of preventing a flexure of the piers in 
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the axis of the bridge, and having the disadvantage of detracting very 
much from lightness and grace. 

The favorite iron bridge in Europe, even at the present day, is the 
lattice truss, with larger or smaller lozenges between the pieces. 
Wrought-iron is used almost exclusively—except for arched bridges— 
both top and bottom chords being built up of thicknesses of plate, with 
w double web at the bottom and top of the upper and lower chords re- 
spectively, between the plates of which the ends of the lattice are in- 
serted, and thus secured by riveting to the chords. 

The rail sections used on the continent are similar in the main to our 
own, but much heavier as a rule, and also higher in proportion to the 
width of the bottom flange. the modern German standard rail section 
weighing from 75 to 85 pounds per yard, and being from 4} to 5} inches 
in height, with a base of about 4 inches, which weights and proportions 
are also about those of the most approved French practice. English, 
rails are of about the same weight or a little heavier, but they are almost 
universally of the double-headed pattern. France has still a number of 
lines laid with double-headed rails, but the practice inclines to the other. 
The ties upon the continent are about 3 feet apart. Onur practice of 
placing the ties nearer together equalizes somewhat the lighter weight of 
our rails. 

European rails are generally symmetrical, the inclination for the 
coning of the wheel being given upon the tie ; but in two cases of roads 
in Germany where new rails were being laid, the writer observed rails 
going down with the inclination in the head itself, which is, perhaps, an 
indication of the modern tendency. The more ordinary position on the 
continent for the notch to receive the spike holding the rail in position 
longitudinally is the middle of the rail, but since it, has been so 
thoroughly proved that these notches diminish the strength of the rail 
to a great degree, it is hardly probable that this practice will continue in 
spite of its convenience as compared with notches at the ends. 

The split switch so commonly used upon our western roads is almost 
the only one used in Europe. The switch lever has no locking ap- 
paratus, but is kept in place by a counterweight upon a short movable 
arm nearly at right angles to the lever. The swinging of this arm a 
half circle around the lever brings the weight into place to hold the 


switch in one or the other position. This arrangement has the ad- 
vantage of flexibility, so that the “running through” of a switch by a 
careless engine-driver does not throw any severe strain upon the ap- 
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paratus. Lt would perhaps be hardly safe to apply it, except where, as 
vwlmost universally in Europe, the switchman is constantly on hand to 
see that everything is right. 

The gauges throughout Europe are, with few exceptions, 4 feet 8! 
inches. The most notable are of Spain and Russia, the former being 
5 feet 8) inches, and the latter, 5 feet. 

In Germany, the first item in the way of signals that strikes an Am- 
erican is the electric bell system used for communicating information or 
instructions of simple character to the watchmen who are stationed at 
more or less regular intervals—generally at level crossings—along the line. 
Each watchiman’s station is provided with a gong of large size, mounted 
upon a little building—or rather, upright box, containing the mechanism. 
The gongs, by the way, are generally double, and the notes are made 
harmonic, being said to be more effective for hearing than single bells. 
Upon all of these bells between any two stations, signals are made sim- 
ultaneously by means of hammers striking the bells, operated from 
either terminal station. The signals given are few in number, tue chief 
ones being the departure of a train from one or the other station, sig- 
naled by a different number of strokes. The effect of the striking of 


these bells is sometimes very pretty, particularly when heard from a 


high point, where those at several stations can be heard striking at the 
same time, the strokes coming to the ear, however, at different instants 

Many roads upon the continent now use an electric switch signal at 
either end of a station ground. This signal stands normally at danger. 
When, however, a train is expected and everything is clear, the switch- 
man sets the signal at ‘all right,” whereupon an electric bell is set in mo- 
tion at the station, which rings until the train has passed, and the 
watchman has released the signal, which goes back to **danger.”’ It will 
be noticed what a safe signal this is. Since it stands ordinarily at ‘‘danger” 
no train can enter the ground until the signal is set. If either the signal 
is not set, or the apparatus has falleo out of order, the station-master, 
not hearing the bell in action when the train is expected, investigates 
the matter. If, on the contrary, the signal does not go to ‘danger” after 
the train has passed, or if the apparatus gets out of order, so that the 
bell continues to sound, the station-master is equally warned. This ap- 
paratus is used upon a few roads with us, the Eastern R. R. of Massa- 
chusetts for one since the unfortunate collision at Revere, some years 


neo. 


A httle convenience for superintending engineers, road-masters. and 
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others interested in knowing the rate of grade at different points of the 
line is to be found in the grade posts set throughout Europe, at the 
points of change, consisting simply of a post, rising any convenient 
height above ground (most commonly only a foot or two), with two 
pieces of board fastened to it like the arms of a sign-post, which are, 
however, inclined to show the direction of the respective grades, and 
wre marked with the rates of grade, and generally with the lengths of 
the respective inclines or levels. 

Signals and crossing-gates, the latter generally being simply bars 
like old fashioned well sweeps, held open by a counterpoise on the short 
end, are operated at long distances, in some eases (at different ends of a 
tunnel for instance) as great as a mile or more, by wires running upon 
little rollers at regular intervals ; a system which TL believe is only to be 
seen upon our side of the water, apon Canadian roads, unless in some 
exceptional cases. 

Traversing and turn-tables for transferring freight cars from one 
track to another are very much used ; every station being provided with 
at least one transverse line of rails for connecting the various tracks. 
The transverse track on the same level with the main lines, and having 
turn-tables at its intersections with them,is the most popular, and is a * 
decided convenience where a large staff of employes is on hand to move 
vars, but the much greater length of our cars, and the consequent in- 
crease in the expense of such apparatus will probably prevent its being 
adopted extensively in the United States. 

There is one use of traversing tables, however, which has not fallen 
under the writer’s observation in the United States, and which seems a 
very useful one in cases where economy of space in engine-houses is a con- 
sideration ; that is, what is called the rectangular system. As practiced 
in France, where chiefly used, it consists in arranging the engine stalls 
upon parallel tracks in a building divided in the centre by a pit, with a 
transverse system of rails, carrying a transfer-table. Each of the par- 
allel tracks gives two stalls, lying upon either side of the transfer pit, 
whose table, generally provided with «a small steam-engine, gives the 
means of moving an engine from the entrance track to any stall, and 
vice versa. Under the system as practiced abroad, the pit is covered, 
which involves a great expense of roof over waste space—the chief de- 
fect of the system. If snow should not prove too great an obstacle, 


there would not seem to be much reason otherwise why the pit should 


not be lett open, dividing the house into two separate ones. The system 
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offers considerable advantages over linettes or round-houses for repair 
engine-houses, in the greater facility it affords for setting up shafting or 
traveling cranes. 

The lightness of the running gear of European rolling-stock strikes 
the American observer. Freight cars weighing but 10,000 pounds, 
earry 20,000 or even as much as 30,000 pounds; and although the 
proportion is generally far from being so favorable in the passenger 
stock, it is on an average, perhaps, even more favorable in comparison 
with our own. Some of the double-deck cars, which are quite com- 
mon upon French roads, exhibit a most extraordinarily small proportion 
of dead weight. One on exhibition at Vienna, with a capacity of 90 
persons, weighed only 11.75 tons. It would seem these cars might be 
made even lighter, were it not for the side buffing system, which 
throws heavy diagonal strains upon the floor frames. The secret 
of the thing must he in the superior average character of European 
permanent way, and it is an interesting question, if, upon the 
great roads with us whose road-bed and tracks are nearly or quite as 


good as those of Europe, it is not possible to make some radical re- 


forms in that matter, at least in passenger stock, which is not liable to 


wander upon badly kept roads. 


The wheel-coning in Europe is generally 


',, the tendency being 
rather towards increase than diminution, some roads having made it as 
high as ,',, and ,'; having been found to give good results. The Vienna 
& Salzburg line tried the experiment of doing it away altogether, but it’ 
is conceded that the results are bad. 

Brakes in Europe are seldom applied to more than a limited number 
of vehicles in a train. The French *‘ Direction of Roads and Bridges” 
has declared the Westinghonse brake too complicated in its connection 
between cars to render its adoption probable upon French roads ; a 
dictum rather astonishing to any one who knows how infinitely more 
simple the connection is than the ordinary European car-coupling, which 


involves the giving of at least half a dozen turns to a sort of vice-handle 


which has to be released and seized again at each turn. 
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LXXXVI. 


RETAINING WALLS —AN ATTEMPT TO RECONCILE THEORY 
WITH PRACTICE, 


A Paper by Castwer Constab_e, C. E., Member of the Society. 


Presenrep Aprit 20, 1874.° 


Preciminary. —The stability of a retaining wall is expressed simply by 
the equality of two moments; the weight of the wall multiplied by its 
lever arm, and the thrust of a certain triangular prism of earth (or 
material behind the wall) multiplied by its lever arm ; the point of rota- 
tion or fulcrum being the intersection of the line of pressure or ** result- 
ant thrust,” and the line of rupture of the wall. For exact equilibrium, 
these two moments are of course equal. In practice, however, a factor of 
safety should be used, for similar reasons as it is used for iron in bridges 
and other structures. Many tables and formulas, however, are presented 
for use, where no factor of safety is introduced. 

For some time [ have collected instances of light walls which continue 
to stand well, and yet are as light, and in a few instances lighter, than 
generally accepted theory requires. ‘The reason for this 1 will proceed 
to set forth, and illustrate it by the model presented. It may be 
well, before doing so, to admit that often there are cases of walls, far 
strouger than theory calls for, which have failed, or started to give way. 


| think the explanation is simple ; the failure, from an improper judg- 


* Condensed from-a Paper read January 22d, IS73. 
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ment connected with the construction, is due to imperfect backing and 
similar causes, to provide against which, an extravagantly large factor of 
safety was cimployed. 

In carrying up the backing, and providing for proper drainage 
(through ** weepers” in the structure, or otherwise), lies the greatest 
opportunity of practicing economy in the construction of retaining walls. 
If greater care were taken in this respect, the engineer would find more 
need than he now does for formulas in the design of walls ; safe, and at 
the same time small factors of safety might then be employed. 

The following example was furnished by a well-known member of the 
Society. The wall, of which Fig. 1 is a section, was built to support a 
wharf for receiving pig iron. It was started on a level bottom, at the 
foot of a slope of rock (the surface of which was quite smooth), laid dry, 
and backed as the work proceeded. When the wall was 7 feet high, a 
load of iron dropped on the backing, caused it to bulge out. Evidently 
the prism of earth pushed with the force of a wedge, moving with little 
friction along the face of the rock. The wall was partly taken down, and 
atasmall expense, the rock was stepped, and the earth carefully rammed, 
as was first suggested by the engineer. When this was done, the 
wall was completed, and therefore considerably lightened in proportion 
to its height, yet it stands a load of 55 tons of iron to the running foot on 
top of the backing. Some of this great weight undoubtedly does not 
rest on the prism of earth which presses against the wall, but now the 
wall has a thickness of only 0.26 of its height, while at first it gave way 
with a relative thickness of 0.66. This shows the great importance of 
careful construction, without which theory will avail but little. 

Before the equation of moments can be calculated, the conditions of 
the problem must be determined. It often happens that data is as- 
sumed, and generally accepted without question; in such instances, 
theory, however carefully worked out, will fail to agree with the facts in 
practice. Now, although most of the conditions of this problem are es- 
tablished, the writer noticed, in the case of a wall whose end was exposed, 
that, on falling, the entire wall did not overturn, but sheared off at an 
angle of about 45 , starting at the foot. The experiments tried in con- 
sequence, subsequently, showed this was not accident. One condition is 
thereby changed, namely, the ** prism of pressure” must rise from a point 
ubove the foot of the wall. Hence, in the formulas to be deduced, the 


weight of the prism of earth will be less, and other conditions remaining 


th» same for equilibrium, the weight of the wall must be lessened; that is, 
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a lighter wall will suffice for exact equilibrium, and there follows, at least 
in part, a reason why walls, apparently too weak, have stood well. 
Heicur or Prism or Presscre.—It has been generally assumed that 
walls turned over as a solid body, rupturing along the bed, A D, Fig. 1. 
This has been shown not to be the case, but that the wall breaks along 


aline, AS. The height of the prism of greatest pressure then becomes 


CS. The angle at which the masonry Fig. 1. 
ruptures appears to be about 45, the 
the angle of repose of broken stone ; ee = = 
but to err on the safe side, in the 
} i$ os, 
absence of perfect data, let the angle | ei a ose 
} / 
of repose of the backing material be 
taken, then the line S ( will be 0.75, 


the height of the wall. The other 

conditions are unchanged, and, by al? 

taking the moments about .1, a formula is easily deduced which will give 
the required thickness of any wall. For unsurcharged walls it is as fol- 
lows : 


Tu 
in which ¢ is the thickness at top, / the height of wall, ~ the batter 
of outside, and ~, that of inside, in decimals of a foot per foot rise ; « the 
angle of repose of the earth with the vertical = 90° — angle of repose 
@~, w the weight of a cubic foot of masonry, and w, of earth, and p the 
weight per square foot of surface which may be on top of the earth. 

If the wall is rectangular in section, » and 7», = 0, and 


If there is no load, as of a building or train, the formula becomes 
simply : 


Had it been assumed that the prism started from the foot of the wall, or 


the wall turned bodily over, the formula would have been : 


2 J 


which will be recognized as the usual formula. The difference is but 


t = .57 tan. 


about 8 per cent., but this is no small quantity in a long wall. 


I had a box made, 16 inches high, 24 inches long, and 16 inches 
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wide, with glass sides ; also a number of blocks of pine, representing 
bricks, 1 inch square, 2 and 3 inches long. In eight experiments with 
walls, 3 and 4 bricks thick, stuck together with water to prevent sliding 
on the joints, and fastened by pin points to prevent sliding on the base 
(in consequence of the smooth surface of the pine), the walls turned over 
as in Fig. 2, usually breaking at an angle of 45. The backing material 
tirst used was oats, the angle of repose being 30- with the horizon, the 
specific gravity very nearly that of the pine bricks, while the cohesion 
due to the length of grain resembled that of many earths. Any ten- 
dency to overturn was carefully noted with a square, by a scale drawn at 
the foot of the wall on the bottom of the box. A slight play was al- 
lowed between the sides of the glass and the ends of the wall. 

Continued stability was indicated by the absence of any reaction when 
an irregularity in the face of the wall due to building up was corrected 
by pushing it back with the square. When the wall began to give, it 
bulged, and would not, when pushed back, remain so. The centre of the 
curve appeared to be the middle of the height. Owing to the cohesion 
of the oats the walls gave way gradually, and when leaning over would 
continue in that position till started forward by a jar. This tendency, 
which for simplicity and want of experimental data, is omitted in theory, 
is with fresh earth insignificant, but in walls of long standing, where the 
earth has become well consolidated, undoubtedly adds to their stability. 
In practice the fact is often noticed, that a wall, having started forward, 
remains in an apparently threatening position for years. When a solid 
wall was substituted for the one of blocks, with a joint, stepped, as the 
brick had separated, along .1 S, this feature increased, although both 
styles of wall began to fail at the same stage, which perhaps goes to show 
what is held to be the case by many, that a brick wall of stability equal 
to one of masonry, is not as strong. 

Finding the friction along the sides insignificant, the box was re- 
duced in the width to 12) inches ; the extra quarter inch allowed the 
wall, which was 12 inches long, to turn without binding. and the extra 
length of backing tended to counteract any little friction of the same on 
the glass sides. To make the effect of an increasing height of wall more 
sensible, a ratio of earth to wall of two to one was adopted, by using 
peas, the angle of repose being 28 . These were so fluid that, after 
equilibrium was reached, the walls gave way instantly with a complete 


overthrow, breaking, however, as before, at an angle, though the rapidity 


of the fall prevented one at first from noticing the fact, as the impetus 
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finally acquired by the heavier and more fiuid material pushed the re- 
maining triangular portion of the wall forward on its bed joints. After 
carefully watching several trials, the rupture, however, became clearly 
visible, and, by dowelling the bed joints with common pins, the triangle 
of wall remained undisturbed, in spite of the rush of peas over it. If 
the wall had had a tendency to turn in one solid body from the base, 
this dowelling would have favored such a result by holding the beds 
tegether. * 


This shearing of the wall appears most reasonable. Certainly if 


Fig. 2. ADS (Pig. 2) were of earth, instead of 
, masonry, it would remain at rest if there was 
ee no wall there. Now replace it by the latter, 

wae iy wid suppose the wall to give way. Even 
& PRISM oe should the triangle A DS hegin to raise, 
Pressure 


then the earth behind it has no tendency 
7 to move forward. Therefore the plane of 

rupture will start from the point S in the 
direction of 7, and as it is the starting prism 
alone which we have to account for as caus- 
ing rupture, S 7 C will produce the pressure 
which the wall must be able to resist. 

The walls built of these brick blocks, and afterwards made solid, 
except at the breaking joint, were tried many times, to be sure that 
the weight at which they gave way was correct. The reaction proved 
most sensitive, so that the smallest possible increase in weight could be 


noted. — This, in the experiments, 
THICKNESS. 


HEIGHT oF was done by adding thin pieces of 
Watts. By Exvert- the width and length of the wall, 
and one inch high, by the miniature 
5 » 2.28 2.46 scale. Finally the walls were pro- 
7 3 3.15 3.44 portioned by Formula (, and the 
Th 4 4.40 4.90 following examples will show how 
123 5 5.51 6.00 nearly they agreed. When the 
* Since ‘writing thie Paper, the writer found, in the Transactions Fig. 3. 


Royal Engineers, 1845, an account of some experiments, tried with 
actual brick walls, for a special purpose. Some of these were carried 


to a height of 20 feet. A careful section after rupture was given, 


but no conclusions of a theoretic nature were drawn, As no better alt 
proof could be produced than this of what I have advanced, and as ACF 4 z 


the paper is out of print, and rare, a copy from it is submitted. 


used between the bricks, which explains their sliding somewhat on their beds. 


Fig. 3 is a section of the walls as they gave way. No mortar was 
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angle of rupture was taken at 45, instead of that of the backing, the 
agreement, as might be expected, was much closer. In the table an- 
nexed, column ( is calculated by the formula, and column /) by the old 
formula. Column (, is still larger than found necessary, by experiment. 
This is chiefly due to the line of rupture being assumed in the formula 
to be the line of natural repose of the earth, whereas it was at an angle 


wy 
of 45. Also exceeds what is usual in practice. 


Wanus.—In the case of surcharged walls, overturning 
takes place in the same manner, and the formula, when modified, gave 
closer results than that for ordinary walls. The experiments were re- 
peated many times, and the walls just gave way when they reached the 
calculated height 

In the preceding case the surcharge slopes off indefinitely. It has 
been given to cover a limited surcharge as well, since the formula, in 
such a case, become too wnwieldy ; and under extreme limits the dif- 
ference in assuming a ‘limited surcharge,” indefinitely prolonged, is 
not more than 3 per cent. In every experiment tried, the results were 
most satisfactory, the heights calculated by Formula # being those 
almost exactly at which the walls gave way. The experiments were all 
repeated several times, so that there might be no mistake. 

In the absence of a table of cosines, the following may be of use 


in an engineer's note-book. — It is carefully calculated from Formula 


No Facror. Factor oF SAFETY 2.* 
1.0 1.0 0.7 0.6 0.5 0.4 
Angle of repose, ( 
with horizon. h 
300 3291 461 412 3R7 $27 -295 
320 3222 451 403 380 350 320 283 
HO 3150 441 304 370 
360 130 410 360 333 
204 419 308 375 300 265 
2011 10s 88 365 340 316 200 257 
20 75 330 06 280 200 
440 2732 320 207 240 
460 2640 370 263 23 


* That is the earth prism is assumed at double its real vaiue, when in equilibrinm—hence 
Column % is Column 2 multiplied by Vo 2 
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TRANSFORMATION OF Prorrues.—Vauban’s well known rule for trans- 
forming a rectangular wall into one of equal stability, with a batter on 
the face, seems to have been little used, yet it enables us, in calculation, 
to deal only with rectangular ones for which the formula becomes simple. 
It is correct to within ,),th, so long as the batter exceed }th. In 
practice, now, it is usual to give a less batter; the error then becomes 
only ;';st. T tind, by taking the common thickness at ,\\th the height 
instead of \th, this error is very much reduced, provided small batters, 


as 1) inches per foot, are used. 


By ordinary statics L116 wth,; = the 
re t h » Ct 8B. DP. 
lever arm of Wis practically , , and of W, = , (Wheing 


the weight of wall, and W, that of the prism of pressure), the center of 


moments is at u1; hence 


1.16 w th, w, heo* 
» 6 COS.” 
If the surcharge start from the back of the wall, then /, he, and 


remembering / , 0.70 h, 


/ O38 cos. Jit: h [E| 


If the prism of pressure starts from the foot, at back of wall, then 


w 
= 0.574 cos. J 


Here the difference in the formule is as much as 50 per cent. 
By the model, with peas as before, 
‘= 0.48 h, 
whence the calenlated thickness of wall is 3{, compared with 3,',, as 
actually required. 

The rule is: rerolre the face line to the proper batter, about a point 
on this line silnated above the bottom \\\th the height of the wall, the re- 
sulting profile is one of equal stability with the former rectangular one. 
The correctness of this rule was proved by experiment. 

Counrerrorts.——The percentage of gain, theoretically estimated, 
has been found so small as to be outbalanced by the extra cost. In 
some English experiments it was proved that much resistance was 
caused by the friction and adherence of the earth to the sides of the 
counterforts, and that, too, when they did not extend in more than 


Yinches. They needed, however, to be at frequent intervals, otherwise 


the wall gave way between the piers. 
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If the manner in which these model walls give way is examined, the 
fact will be noticed that the earth or peas do not revolve, as stated by 
some writers, about the bottom point of the prism of pressure, but 
that they settle suddenly on and parallel to the line of rupture, and then 
come to rest until a jar starts them again. Now, stepping the back of 
the wall so as to increase the frietion against it, at the same time re- 
ducing the batter on the face on account of moisture, are practical 
features well worth considering. Engineers hold opposite opinions on 
the matter. 

Facrors oF Sarery.—A constant factor of safety cannot be deter- 
mined upon, owing to varying circumstances, but in a formula which 
gives closely the thickness for exact equilibrium a factor can be intro- 
duced understandingly, according to the relative circumstances, and sub- 
ject to the judgment of the engineer. Taking the moment of the wall 
at twice that of the earth prism has given good results, and does not 
make the wall too heavy at any time, since, in the formula for the thieck- 
ness, the factor becomes the \ 9 (or whatever the assumed factor mis 
he) instead of 2. 

In conclusion, it may be said, so much depends upon the manner in 
which the work is done after the protile has been determined, that 
economy is best attained by a proper regard to the practical details 
of construction. Too often these are carelessly attended to, and the 
safety of a structure of ample strength, if properly built, is bre ught 
into question, 

[ am inclined to think that it is more important to lay particular 
stress on the close fitting of the backing earth than on the use of good 
cement and mortar, careful bond or large stone. These, of course, are 
important and very desirable, but they will not save a wall if the earth 
has shrunk from it, and there is a sudden settlement of the earth wedge. 

Mr. J. Durronx Sreete—A practical rule verified by my experience 
for surcharged walls of dry masonry less than 18 feet high—is to make 
them 3 feet wide on top, with a batter of {th outside and none inside. In 
one case for a mortared wall, 18 feet high, TP reduced the width at top to 
2) feet and made a batter on both sides. Engineers who, from lack of 
room, have been compelled to day wails upon narrowed or stepped 
foundations will be pleased to know, from Mr. Coustable’s experiments. 
that such conform to theory, and are safe in practice 

Mr. Francis it not better to step the Tack of a 


ive ita batter ? 


wall rather than v 
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Mr. Constance —It is more a matter of practice than of theory ; upon 
thus stepping a wall, the back fillmg upon settlement does not act as a 
wedge, 

Mr. SreeLve—Generally now the back of a wall is not stepped, as 
formerly, but made vertical : often in railway practice it is counter-sloped 
or underent, and the stability thereby increased. The back should have 
a ‘frost? batter at top where the earth is likely to freeze, so that it may be 
lifted from the wall ; care should always be taken in backfilling to slope 
the packed earth from the wall rather than towards it. 

Mr. Isaac D. Cotmax—In filling behind the masonry of the New 
York State canal locks, broken stone one foot in thickness was placed 
between the wall and embankment. 

Mr. Consranie, by experiment with the model, demonstrated that 
two walls of the same area of section, with batter on face, of 0.22, one 
with parallel sides and the other with a vertical back, were equally stable, 
and also that the saving in material by giving much batter is but little. 
A wall battered on the back less than on the face, evidently is less econo- 
mwnical than if all the batter was on the face. 

He submitted a communication from a Canadian engineer, from 
which is quoted : In practice T have always made my walls heavier than 
theory demanded, on account of the severe operations of frost in this 
northern latitude, where it strikes from 3 to 4 feet into the ground ; and 
yet, without giving a slope or ‘frost’? batter to the back of the wall, 
when the frozen earth presses against it, our strongest walls could not 
stand. 

It has been my rule to make the base of the wall ¢th its height. but 


this is for first-class masonry, laid in hydraulic cement. 
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NOTES ON THE 
FLOW OF THE WEST BRANCH OF THE CROTON RIVER, 
A paper by J. James R. Crogs, C. E., Member of the Society, 
Reap May 6, 1874. 


The construction of the first storage reservoir for impounding a por- 
tion of the surplus tlow of the Croton River for use in dry seasons to 
keep up the requisite supply for New York city, was begun by the Croton 
Aqueduct Board in 1866. This reservoir is situated on the West Branch 
of the Croton, in the town of Kent, Putnam county, N. Y., 60 miles 
north of New York and 23 miles by the course of the stream above the 
Croton dam, at the termination of the aqueduct. — [t receives the drain- 
age of 20.37 square miles. The surface of this water-shed is very broken 
und undulating, the hill sides steep and rocky, a large proportion of the 
area covered with timber, and of the cleared portion the greater part is 
kept in grass, very little being cultivated. The rock, which lies near the 
surface over most of the area, is a very compact gneiss. 

Observations of rain-fall have been made since June, L866. The point 
at which they were taken until 1872, was 565 feet above the level of the 
sea, In the valley a mile anda half above the dam. There were of course 
many showers extending over only a limited area, but the observations 
taken at this point, afforded, L think, a very fair average of the rain-fall 
on the entire water-shed. The gauge used was of the ** Smithsonian ” 
pattern, 2 inches in diameter. 

Measurements of the flow of the stream, near the diam site, were taken 
under my supervision from April 27th, 1867, to July 13th, 1868, and from 
September 26th, 1869, to October Ist, ISTO. Observations were generally 
made three times a day (during freshets much more frequently, and 
care was taken to note the time of maximum flowy after rains) until 
January, 1871." After that date, only one reading was taken daily, to 
February Ist, 1872, and from then no measurements were made until- 


April 10th, when they were resumed, and continued until November 8th, 


*1I am indebted to the Chief Engineer of the Croton Aqueduct for copies of the gange read- 
ings made subsequent to October Ist, 1X70 
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1872. The total number of observations which have been reduced to 
obtain the results given below, is 2,510. 

The following method was pursued in making the gaugings: all the 
water which flowed from the drainage area tributary to the reservoir, was 
caused to flow over a weir with horizontal crest and vertical side boards 
one inch thick. In the first series of gaugings the weir was 24 feet long, 
in subsequent ones, 21.15 feet, and this was afterwards reduced to 18.02 
feet. The channel just above the weir was 3 feet wider than the weir was 
long, with parallel sides, planked for 15 feet, above which it widened. 
The height of the crest of the weir above the bottom of the channel was 
about 18 inches on the upper side, and there was a clear fall of about 30 
inches on the lower side. With this weir and heads of 0.15 to 4 feet, 
perfect contraction was obtained. * 

The head was measured by a float gauge enclosed in a box, and at- 
tached to a graduated rod. Ordinarily there was no difficulty in reading 
this gauge to 0.005 feet. When the float was unsteady, the mean of the 
oscillations for several minutes was taken. The gange was placed far 
enough above the weir to be unaffected by the fall in the surface in pass- 
ing over the weir. 

For all heads above 0.15 feet the discharge has been computed by Mr. 
Francis’ formula 


3.33 (/ 10 hj) he 


in which Q@ — cubic feet per second, / = length of weir, and / = head 
on weir; all in feet. 

The water generally approached the weir without appreciable velocity ; 
in heavy freshets there was, however, some current; no account of which 
has been taken in the computations. It is possible, therefore, that the 
quantity of water which passed the weir in very heavy freshets, was 
somewhat in excess of the calenlated amounts. 

The diagrams T and Tf show the course of the flow during the months 
when there was no snow on the ground, for the years 1867 and 1870. 
They include the periods of greatest and least tlow. These diagrams, 
exhibiting the great fluctuations in the flow during 24 hours, show how 
little reliance can be placed upon gaugings of a stream which are made 
only once a day, and how impossible it is to form any idea of the dis- 


charge of a stream from a single gauging. 


* On two occasions the head exceeded 4 feet for a few hours, and during the dryest season 
it was occasionally less than 0.15 feet. 
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During the first series of gangings (1867-8), the channel was unob- 
structed. In the later ones, the dam had been partially built and the 
water before reaching the weir was obliged to pass through two openings 
of 4} feet diameter. In ordinary stages of the water the effect of this ob- 
struction was inconsiderable, but in heavy floods the difference was very 
evident, in the diminution of the rate of increase in the flow when the 
water was rising, and the longer continuance of the maximum flow, in 
consequence of the large area of the water stored above the dam. 

In storms, the flow began to increase as soon as the rain began to fall, 
and the maximum tlow was reached from 6 to 8 hours after the rain 
ceased. The maximum flow measured was in August, 1867. On August 
Ist, the flow was only 28,000 cubic feet per hour. Between 7 o'clock v. 
mM. and noon of the next day, 1.96 inches of rain fell, and by 6 o’cloek 
rp. M. the flow had increased to 336,000 cubic feet per hour. Before the 
effect of this rain had ceased, light rains on August 3d and 7th. and 
heavier ones on the 10th and Mth kept the stream full. Between 7 0’cloek 
p. M. of the 15th and 10 o'clock a. M. of the 16th, 3.38 inches of rain fell. 
At the beginning of the rain, the flow was 242,000 cubic feet per hour: 
by 6 o’elock vp. M. of the 16th, it had increased to 2,432,000 cubic feet. an 
average hourly increase of 95,000 cubic feet. This was the greatest flow 
observed. The freshet on this occasion was said by residents to be the 
greatest Known for many years. ‘The flow at the maximum was eqniva- 
lent to 0.05 inch per hour in depth on the whole water-shed. 

While this was the greatest amount of water which passed the weir at 
any time, the actual discharge of the stream was greater in February. 
1870. The ground had been covered with snow, when onthe 17th, a thaw 
set in accompanied with rain. In 28 hours, 2.41 inches of rain fell, ac- 
companied in the afternoon of the ISth. by thunder and lightning, the 
thermometer standing at 53° FL The water came in such quantities that 
the openings in the dam were insufficient to carry it off. and it rose 20 
feet, storing nearly 50,000,000 enbic feet behind the dam. For 24 
hours the flow was 2,200,000 cubie fect per hour: making 52,800,000 cubic 
feet per day. At the ordinary rate of increase and decrease of tlow in 
freshets, [ estimate that the maximum discharge must have been about 


3,500,000 cubic feet per hour. This would be equivalent to 0.075 ine} 


of rain-fall per hour. In the storm of October 3d to Sth. T8690, which 
created extraordinary freshets in the Eastern Stetes and did great damage. 


and of which very full data were collected and published by Mr. J. 5B. 


Francis, the rain fall in 60 hours at this station was 5.28 inches. The 
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greatest flow was 1,255,000 cubic feet per hour. This storm occurred 
after a very protracted drought, and the ground was uncommonly dry 
and absorbent. 

The maximum flow during any one month was in April, 1870, but the 
hourly flow at no time exceeded 1,274,000 cubic feet. The stream was 
uniformly high, from frequent rains and the melting of the snow on the 
evround, The minimum flow was reached on August Ist, 1870, when only 
32,000 cubic feet passed the weir in 24 hours. 

The month of least tlow was September, 1870, the total discharge of 
the stream for 30 days being only 4,508,000 cubic feet—about as much as 
Howed off in an hour and a half during the freshet of the previous Feb- 
ruary. 

Some peculiar fluctuations in the daily flow as shown on the diagrams, 
deserve attention. It will be noticed that when the stream was falling 
after a storm, the flow frequently increased during the middle of the day, 
by several thousand cubic feet per hour, and diminished again during the 
night, causing curious jogs in the profile. This increase was due to a 
mill at the outlet of the White Pond, about 4 miles above the weir. To 
run the mill, the water of the pond was drawn down during the day, and 
the discharge was shut off during the night. On the other hand, in Sep- 
tember and October, IS70, when the stream was very low, the flow was 
greatest in the morning and diminished during the day, increasing again 
at night. I suppose this variation in the flow to have been caused by the 
greater evaporation during the day from the surface of the stream and 
the ponds. The flow was so small during these months that the mill 
ubove mentioned could not run. Early in the spring, on days when it 
froze at night and thawed in the day time, the rise and fall of the mer- 
cury in the thermometer were marked by corresponding fluctuations in 
the flow of the stream. 

Diagram ITT shows the monthly rain-fall from June, 1866, to January, 
IS74, and also the mouthly flow of the stream during the 49 months in 
which gaugings were made. Table I gives the amount of rain-fall and 
of water, which flowed off during each month in which the stream was 
ganged reduced to inches in depth on the entire water-shed, und also the 


ratio of flow to rain-fall. * 


* In 1872, gaugings are wanting from February Ist to April 10th, but as there appeared 
to be a certain ratio of tlow to rain-fall deducible from the observations of the three preceding 
yoars tor that period, | have applied that ratio to this interval in order to obtaina full year for 
comparison. It is very evident that no gauging for a single month affords any criterion for 
judging of the proportion of the rain-fall which can be stored during a year. 
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In arranging these results for comparison, I have, for reasons given 
hereafter, assumed the year to begin with November Ist. This gives 
three full years consecutively. The first series of gaugings not affording 
a year beginning at that date, the one beginning with July Ist is taken. 
Table I gives the yearly proportion of flow to rain-fall for the years as 
stated above, and also for the 12 months of greatest and least rain-fall 


and flow. 


II. 


Rain-fall— Per cent. of Loss by evapor- 


Year ending Flow—inches. | rain ation, Xe. 
inches. | flowing off. —inches, 

52.31 37.071 S66 15,2389 
49.02 37.680 76.886 11.331 
46.00 22.385 | 48.664 23.615 
39.08 24.082 61.625 14.998 
Mean of 49} months...... 50.00 31.458 62.916 18.542 
Mean of 1870, 1871 & 1872. 44.70 28.052 62.757 16.648 


From June, 1866 to January, 1874, the greatest rain-fall in any con- 
secutive 12 months was 56.41 inches for year ending March 31st, 1869, 
and the least was 38.38 inches for year ending September 30th, 1869. 
Unfortunately these extremes were reached during the time that the 
gaugings were suspended. It will be observed that they were comprised 
within a period of 18 months. A similar period of maximum and 
minimum rain-fall occurred within 19 months, when gaugings were taken 
continuously, For the year ending September 30th, 1870, the rain-fall 
was 53.75 inches, while for the year ending April 30th, 1871, it was 39.36 
inches. The flow during the 19 months was 57.48 inches, being 74.3 per 
cent. of the rain-fall. 


a Mean of all gaugings. 4 12 months of maximum flow. 
¢ 12 months of minimum flow. d 3 years continuous observations, including great drought. 
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The observatious for the three years ending October 30th, 1872, cover 
a season of extraordinary drought. The rain-fall was much below the 
average, but the percentage of tlow was virtually the same as for the 
whole period covered by gaugings. The rain-fall for the following year 
was much greater, and the flow must have been greater. 

In calculating the amount of storage room required, it is necessary to 
consider the use which is to be made of the reservoir. If it is to be used 
merely as a supplementary reservoir (as is the one on the West Branch), 
for supplying a deficiency in the tlow for a portion of the year, the storage 
year may be considered as beginning on November Ist, at which time the 
minimum flow has passed, and in ordinary circumstances the yield of 
the larger water-shed has increased sufficiently to furnish the requisite 
supply. From November Ist to July Ist, all the water can be stored, and 
the whole supply then drawn off in the four dry months following. If, 
on the other hand, the storage reservoir is to be used also as a supply 
reservoir, and there is to be a constant draught upon it of the average 
monthly supply, the year must be considered as beginning on March Ist, 
as it is not until that time that the yield of the stream increases beyond 
the mean quantity required—so great a proportion of the rain-fall being 
in the form of snow during the winter month, and not reaching the 
stream until March. 

In the three years ending October 30th, 1872, the course of the tlow 
was such that we can compare the two systems by years, beginning with 
November Ist. The average yearly flow being 28 inches, the monthly 
supply will be 2.53 inches. Under the first system, that of a supple- 
mentary reservoir, there would have been stored from November Ist, 
1869 to July Ist, 1870, 36.4 inches ; by November Ist, this would have 
been reduced to 9.7 inches by drawing off 28 inches yearly demand. 
The discharge being stopped then, there would have been, by July 1st, 
1871, 28.5 inches, which would have been reduced by November Ist, to 4 
inches. By July Ist, 1872, there would have been stored 24.5 inches, and 
by November Ist, the resorvoir would again lave been emptied. It 
there had been a constant draught of 2.33 inches per month, the greatest 
amount stored at any one time would have been 19.3 inches, only two- 
thirds of the amount under the other system. 

In these amounts no allowance for evaporation and absorption in the 
reservoir has been made. The amount of rain-fall lost from these causes 


in the stream running naturally varied from 11 to nearly 24 inches per 


annum. Ina reservoir presenting a large surface of water, the amount 
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in addition lost from evaporation would be considerable. Observations 
on evaporation from water surfaces have been made at the receiving 
reservoir in New York since 1864.* The mean annual evaporation for 
siX years was 39.21 inches, 81 per cent. of the rainfall. Observations were 
made on the West Branch from June, I866,te October, 1870, The apparatus 
consisted of a box 4 feet square and 3 feet deep, sunk in the earth in an 
exposed sitnation, and filled with water. The mean annual evaporation 
was found to be 24.15 inches, while from a similar box at the receiving 
reservoir the amount observed was 35.6 inches. Part of the difference 
miy be due to difference of latitude, elevation and distance from the sea- 
coust; but more is due, | think, to differences in the mode of measure- 
ment. My observations were made twice a day, and any apparent dis- 
crepancies were checked and corrected at ounce. The other observations 
were taken only once a month, the difference between rain-fall and the 
reading of the gauge on the box being taken as the evaporation. T con- 
sider the method followed on the West Branch the more reliable. 

The greatest evaporation per year there noted was 27.7 inches. If 
we ullow 28 inches, and assume the area of water surface to be 7 per cent. 
of the water-shed, the loss from evaporation will be equivalent to 2 
inches of rain-fall. The loss from leakage and absorption ought not to 
be assumed as less than double this amount, making the total loss in the 
reservoir equal to 6 inches of rain-fall. 

The maximum loss from other sources, as stated above, was about 24 
inches, the average being 18.5 inches. We will certainly be on the safe 
side, therefore, in assuming the loss of rain-fall at 30 inches per annum. 
With a mean rain-fall of 48 inches, we would have an available supply of 
18 inches per annum. If, for safety, it was preferred to take the mean 
rain-fall of the years 1871 and 1872, the available yield would be 12) 
inches. This would seem, however, to be carrying precautionary meas- 
ures to an extreme point, for the actual available yield for these two 
years was (allowing 6 inches for reservoir loss) 19.30 inches per annum. 

For purposes of comparison, there is given in Table LIT, the result of 
computations made by Mr. J. P. Kirkwood on the flow of the total water- 


shed of the Croton river, from which the supply to New York is drawn.+ 


* These were made with an apparatus designed by Mr. B.S. Church, the Assistant Engi- 
neer of the Croton Aqueduct, and described in the report of the Croton Aqueduct Board for 
is64. The results were published in the annual reports of the Board until 1870. 

t This table is compiled from one given by Mr. Joseph P. Davis, in his report on ‘+ Addi- 
tional Water Sup»ly for Boston,”’ January, 1873, 
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This water-shed includes that of the West Branch, but is 16 times as 
great, comprising 335 square miles. The proportion of flat and culti- 
vated land is much greater. The rain-fall is estimated trom gaugings 
taken at three points, one of which was outside the basin. The flow is 
estimated from the daily observations of the heights on the overtlow ot 
the dam (260 feet long), and from the depth of water tlowing through 
the aqueduct. These give a rough approximation to the quantity of 
water which fell and which flowed off. As might be expected, from the 
character of the two water-sheds and from the different methods of 
measurement, the tlow from the whole valley bears a smaller proportion 


than that from the West Branch to the rain-fall. 


TABLE 
RAIN-FALL AND FLOW OF CROTON WATER-SHED, AS COMPUTED 


BY Mr. Kirkwoop. 


| RAINFALL, FLow. PERCENTAGE RAINFALL. FLow. PERCENTAGI 
Year. YEAR. 
Inches. Inches. Flowing off. Inches. Inches. Flowing off. 
1864..... 40.80 14.892 36.5 1867... 48.88 30.640 62.7 
52.43 20.563 39.2 1868... . 60.87 34.804 57.2 
1866.....| 48.57 25.208 31.9 1x69 52.21 25.553 48.9 


Comparison with West BRANCH GAUGINGS FOK SAME PERIODS. 


CRroTon VALLEY. West Brancu. 
Rain. Flow. Per cent. Rain. Flow. Per cent. 
May 1 to Dec. 31, 1-67....... 38.59 20.415 52.2 40.43 23.822 58.9 
Jan. 1 to July 30, 1868....... 26.91 18.980 W.5 24.02 22.027 91.7 


Oct. 1 to Dec. 31, 1869....... 19.99 7.077 35.4 17.85 13.735 77.0 


For 1868 and 186, Mr. Kirkwood’s estimate of rain-fall is very much 
greater than my measurement. In comparing the two sets of observa- 
tions, it must be borne in mind that the flow at the Croton Dam has 
already been subjected to the losses from evaporation and the like, which 


I have considered above. 
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As before stated, it is evident, from an inspection of the tables and 
diagrams, that no single gauging will afford any criterion of the quantity 
of water which may be collected from a stream, nor will the gaugings of 
any one month be more reliable. I find, however, in analyzing the 
results of the West Branch gaugings, and also Mr. Kirk wood’s results from 
the whole water-shed of the Croton, that a very close approximation to 
the proportion of flow to rain-fall for any one year is obtained by gaug- 
ings continued through the months of May and June in that year. 
These are the months in which the flow from any water-shed might be 
expected to approach most nearly to that which is due to the topographi- 
vu and geological character of the region. In this latitude, by May Ist, 
the snow has disappeared, and the excess of flow produced by its melt- 
ing has passed off. Up to the end of June the heat has not been so 
excessive as to dry up the ground. ‘Table [TV shows the results of this 
classification. 

TABLE 1%. 
COMPARISON OF 


GAUGINGS FOR May AND JUNE, WITH THOSE OF THE WHOLE YEAR. 


WEST BRANCH WATER SHED. 
| 
May and | 
Rain. Flow. | Per cent. Year ending. Rain. Flow. Per cent. 


June. 
1867... 2.000. 12.14 8.787 | 72.381 | May 1, 51.13 36.169 70.739 
1868........ 13.32 9.659 72.513 || July 1, 1868.... ..... 52.31 37.071 70.866 
eee 4.36 3.148 72.200 } November 1, 1870.... 49.02 37.689 76.886 
ere 9.18 4.413 48.072 November 1, 1871.... 46.00 22.385 48.664 
1998. .cccose 7.69 3.463 45.032 November 1, 1872.... 39.08 24.082 61.623 

Mean of five years....... 63.118 Mean of four years’ gaugings........ 62.916 

CROTON RIVER WATER SHED. 

1d04........ 8.27 2.714 32.8 December 31, 1864... 40.80 14.892 36.5 
BOGS. 13.09 4.911 37.5 November 1, 1865.... 51.62 21.292 41.5 
8.68 4.442 51.2 November 1, 1866... 48.35 22.092 45.7 
12.16 7.195 59.2 November 1, 1867.... 51.17 32.979 G4.4 
8.816 55.3 November 1, 1868.... 57.95 3.428 57.7 
7.71 3.752 48.4 November 1, 1869.... 48.83 26.123 33.5 


Mean of six yeurs........ 45.30 49.93 
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With the exception of the results for 1872, the percentage flowing off 
in May and June is within 5 per cent. of that for the year. The re- 
markable agreement of these results would seem to indicate that where, 
for any reason, gaugings cannot be continued for the whole year, they 
might be made during the months of May and June, and each year’s 
gauging would give nearly the proportion of flow to rain-fall for that 
year, and the average of several yeurs’ gangings during these months 
would give very closely the average proportion per year, 

The great differences existing in the results for different years show 
the importance of continuing gaugings for a long time. Where water 
works are constructed and in operation, the cost of making measure- 
ments of rain-fall and flow is very slight, and the knowledge obtained 
from a systematic continuation of them is of the greatest value when, as 
so often occurs, the first works constructed for the supply of water to 
a town begin to prove insufficient. In the designing of new works the 
want of information on this point is much felt, and it should be urged 
upon every engineer having charge of water-works to keep a full record 


of gaugings, and transmit the same to the Society yearly. 
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ON THE FORM, WEIGHT, MANUFACTURE AND LIFE OF RAILS, 


A Report by Asuper C. E., M. N. Forney, M. E., 
QO. Cuanute, C. E., and T. M. Sr. Jonn, C. E., 


Members of the Society. 


June 10, 1874. 


The members of the Committee for such of them as have been able 
to meet together) appointed to investigate and report upon the forms, 
sizes, manufacture, tests, endurance and breakage of rails, and also the 
comparative economy of steel and iron rails, have given attention to 
the subject, and issued circular interrogatories* to obtain the results of 
American experience. They have not, however, as yet received a suffi- 
cient number of responses to warrant a final report, or to give full 
numerical results, on a subject so extensive, so important, and in some 
respects so unsettled. This they hope to do, at the next Annual Meet- 
ing of the Society, and accordingly urgently repeat their requests for 
answers to their interrogatories. 

There are some points, however, on which experience has enabled 
them to form opinions so decided, that they now submit them to the 
Society. Members can compare these with facts within their own knowl- 
edge; and the Committee, on hearing from them, will, if such facts require 
it, modify their opinions in the final report. 

sefore entering upon the particular points on which the Committee is 
to report, it will be proper to present some general considerations bear- 
ing upon all of them. 

A rail has two principal functions or classes of functions ; acting as a 
bean or girder, to carry the heaviest weights between the most distant 
acher supports, without straining the metal beyond the limits of its elas- 
ticity: and to distribute the weight bearing on one point of the rai] 
among the adjacent supports. The first part of this function requires 
strength, the second stiffness. The second class of functions or duties 
of the rail is to resist erushing, and to endure the wear. The first 
of those requires hardness and breadth of surface, the second hardness 


* A copy of which can be had upon application, 
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and area of section to wear off, or consumable area. We shall consider 
the rail as divided into two parts, the consumable and the residual ; the 
latter including what is left of the head after the consumed part is worn 
off, and all below it. The endurance of the rail, if of good quality, de- 
pends on the consumable. The residual must have the requisite strength 
and stiffness after the other is worn off. These should be carefully dis- 
tinguished. What is good for one is often bad for the other. 

In England, where the supports are far apart, and the weight on a 
driver is sometimes as much as 16,000 pounds, and where the enormously 
loaded wheels of the 4-wheeled cars are several times as far apart as the 
supports, strength and stiffuess are the controlling considerations. But 
in this country, where supports and wheels are both close together, much 
less strength and stiffness are required, and too much of the latter quality 
actually diminishes the longevity of the rail. After reaching a safe 
moderate surplus of strength (not only for new, but for well-worn rails), 
our whole attention should be directed to increase the wearing endurance. 

So in a wooden bridge, a comparatively moderate amount of timber is 
sufficient for strength to support the load if quiescent, till the timber 
rots or is burned. But our early wooden bridges, strong enough to carry 
the loads, and durable with very little traffic, wore out in a few months 
under a heavy traffic, from insufficiency of the small surfaces of contact 
to bear the vibrations without rapid wearing. They did not break down, 
but wore out. Hence wooden bridges were condemned, not because the 
material was bad, but because there was not enough of it. 

Rules derived from the experience of one country should be adopted 
only with great caution in another. As the controlling consideration in 
England is strength, and here wear, English rules thoughtlessly adopted 
have seriously misled us. 

The material (its kind, hardness, strength and other qualities), form 
size and connections should be adapted to each other, to the ties, ballast 
and road-bed, to the grades and curvature, to the weight on the size 
and surface, elasticity and contour of the wheels rolling over it, to the 
speed of the trains, to the climate, to the amount of traffic, to the cost, 
to the rate of interest, and to the facility of raising money on the credit 
of the company. One pattern or size or kind of rail cannot be said to be 
right or wrong, without considering how it is to be fastened, and how it 
is adapted to the other things mentioned. 

To judge of the best means of preventing the destruction of rails, it 


is necessary to keep in mind the modes and causes of their destruction. 


The principal modes in which rails become unfit for service are, break- 


: 
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ing, crumbling, laminating, splitting, splintering, scaling, mashing, 
wearing down the top, wearing off the rnuuing side of the head, breaking 
off the projecting part of the head when worn down thin, hammering 
down the ends, and otherwise distiguring the ends. We take no notice 
of those injuries, such as breaking the base, which result from obsolete 
and vicious appliances, such as chairs. 

The principal proximate causes of these injuries in this country are 
brittle, crumbly, lamellar, splintering, scaly, soft. unequal at the same 
level, imperfectly welded, weak, or permanently strained metal ; insuffi- 
cient wearing surfaces of the head in proportion to the weight on it and 
the hardness and elasticity of the metal, unevenness from working or 
wearing down soft spots, so making shocks, uneven or inelastic founda- 
tion, ties too far apart or rotten, extreme cold, supposed to render the 
metal more brittle, and rendering the road bed uneven and inelastic, bad 
joints, very flat wheels and accidental collisions or blows. 

The principal remote causes are, metal from bad stock, such as cold 
short, red short, cinder, &c.; insufficiently worked, burnt, imnerfectly 
welded, too much or too little carbonized, too high or too low tempered, 
permanently strained in cooling of unequal hardness or otherwise badly 
manufactured ; punching, head too small; stem and base so heavy as to 
make the rail too rigid ; under side of head too steep or narrow, or curv- 
ing to hold the fish-plate—fish-plate too short, narrow, soft or weak; 
uneven surface or alignment of track ; road-bed uneven, clayey or wet ; 
ballast too shallow or too coarse, or of tnequal depth, stone ballast on 
clay without intervening stratum of sand or gravel, or very fine broken 
stone ; unequal settling of embankment or earth under the ballast, ties 
rotten, too far apart, too thin, short, soft or badly be 1 led ; base too nar- 
row for the surface and hardness of the ties ; steep grades, sharp curves ; 
high speeds, heavy weights, bad springs, wheels small or with inelastic 
faces ; sliding the wheels ; wheels worn into grooved faces, dirt on track, 
numerous stops and starts ; changes of climate, and of course heavy 
traffic, and the enormous amount of unnecessary dead weight of cars 
continually dragged back and forth. 

Some of these proximate causes act by the abrasion of sliding wheels, 
as on steep grades, in stopping or reducing speed, on curves where one 
wheel must travel farther than the other during the same revolution, and 
from one part of the same conical wheel having a different cireumference 
from another part traveling over the same rail—and by traction. In 


many cases the too great weight on a small area of rail surface crushes 


the metal and destroys its cohesion, and thus abrasion easily wipes it off. 
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In traction the minute grain, fibres or particles of the top film of the 
rail are alternately pulled one way by the driver, then the other vay by 
the other wheels, till finally loosened and rubbed off. 

Rails, as well as machinery, on each system of railroads ought to be in 
uniform classes, each class proportioned to the traffic and other control- 
ling cireumstances. In violation of this obvious principle, it has been 
common for our railroad companies to pick up such rails as could be had 
at the lowest price, when the purchase could be postponed no longer, 
without much regard to form or adaptation, and with no knowledge, and 
scarcely a thought, of the quality. It would be just as wise to buy a 
horse on the same principle, without considering whether he is wanted 
for draft, saddle or carriage, or whether he is really worth 3500. or not 
so many cents. When railroads are made to sell, this plan seems to 
answer the builders’ purpose, whatever may be said of its honesty. 
Probably 320,000,000 or 330,000,000 a year are wasted in this country by 
such purchases, and many lives and limbs sacrificed. 

Most forms of rail originated with, or were moditied by the rail 
makers, who naturally adopted forms easiest to make, rather than those 
of greatest durability. 

Each material should be put in such form as best to avoid the dangers 
to which that material is subject. This will be considered in speaking 
of patterns of rails. As material and manufacture improve. economical 
forms can be adopted, which would formerly have been impossible in 
this country, or at least inadmissible. The best form for steel or good 
iron could not have been used with iron imperfectly welded. 

The first point we are to consider is ** the best form for standard rail 
sections for the railroads of this country.”” The form should be adapted 
to the material, to the fastenings and joints, to the foundation, to the 
trattic and to other things, some of which we shall consider as we go on. 
The form should be such, after securing a reasonable surplus of strength, 
that where there is most wear, there should be most metal to sustain it. 
The parts where there is no wear, should be as light within practical 
limits, as experience has shown to be sate. 

Experience shows that all the wear, ona reasonable good rail, except 
in some Vicious arrangements, is on the head, and the force of the blows 
given by passing wheels is expen led and exhausted nearly all on the 
head. As much of the metal as possible should be put there, where it is 
most wanted. A steel or good iron rail with good foundations and fas- 


tenings and splices, and the weight on the wheels properly proportioned 


to the hardness of the rail top, finally becomes wntit for service only by 
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wearing down the top; except on curves, and where the wheels have too 
much or too little play between the rails, by abrasion of the tlange on the 
running side of the head. With such conditions the duration of the rail 
is measured by the amount of wear the head can endure, or the sectional 
area of the metal that can be worn away without weakening the rail too 
much—that is the consumable part of the rail. 

The head should be broad on the top to give as much wearing sur- 
face as possible. Tt has beeu erroneously supposed that it does no good 
to make the head more than about 2) inches wide, because the coning of 
the wheels prevents more than that from being used. But an examina- 
tion of rail surfaces nearly 3 inches wide, shows that in fact they are 
evenly worn all over —forming nearly «a plane surface slightly inclined 
downwards, towards the running side ; that the top of the head is actually 
widened by the spread of the metal on the outside, and that the part so 
pressed out is also run upon and utilized. Whatever may be the contour 
of the face of the wheel at first, it wears into such form as to bear all 
aeross a wide rail. 

Not only is the amount of wearing surface in a broad head greater 
than in a narrow one, but a square inch of the former endures more 
than a square inch of the latter. The area of contact between a given 
Wheel and a wide surface averages greater than that between the same 
Wheel and a narrow one, The more the weight is diffused and the less 
the pressure per square inch, the greater the tonnage each square inch 
will carry. Injury increases faster than weight on a given space; after 
reaching a certain point, many times as fast. Probably 100 tons, with a 
weight of 12.000 pounds on a wheel would injure an iron rail as much as 
many thousands of tons with 3,000 pounds on the same wheel. This will 
be referred to again, when we speak of the relative weights of load and 
rail. 

Soa broad head gives more surface for adhesion without injury. A 
rail with «a head 1) inches wide and 2) deep would, with very light 
machinery, last longer than if the head was 2! inches wide and 1} deep, 
but with machinery as it is, not half as long. 

The breadth of the head and the depth necessary for strength being as- 
certained by the ordinary calculation for beams, and by experience under 
actual or similar ciremmustances, the additional depth, to give consumable 
metal should depend on the amount of trafic. Supposing the rails to be 
steel or iron that will only give way by wearing out, let R represent the 


cost per mile of the residuary part of the rail, (the cost of the metal 


the traffic is expected to consume in each year, L the loss, including in- 
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convenience and incidental expenses on each renewal. besides the cost 
of the metal to replace that consumed, 7’ the interval between renewals, 
and @ the rate of accumulated interest for that time. Then ¢ 7' will be 
the consumable part of the rail, and 


RieP t+eT _ys, 


the value of a rail that will last forever — present value of the cost of the 
rails and their renewals forever, traffic being constant. Of course 7. 
which determines the consumable depth of head, should be such as to 
miuke the above value V, the smallest possible. 

Suppose the residuary part of a mile of steel rails costs 37,000, and 
its renewal 54,000, then if (= 350 per annum, 7Tshould be about 30 years, 
so that ¢ = 1,500 if C= 100, 7’ should be about 20, so that 1,800; 
if ( = 200, T should be about 16; if ( — 400, 7 should be about 14: 
it ( = 600, T should be about 12; if © — 800, 7 should be about 10, 
and if C = 1,000, 7 should be about 8, so that in this extreme case the 
consumable part of the head shonld cost 38,000, or more than all the rest 
together, and the head would be 2) inches or 2} deep. 

In forming the original section of the head, some regard should be 
had to the form given to it by its subsequent use. But if a small addi- 
tion of metal will prevent it from wearing down to the ultimate form for 
a long time, that addition should be given instead of beginning with the 
partly worn form. The top corners of the head should not be much 
rounded, for that diminishes both the width of the top and side wearing 
surfaces, and even if rounded at first, it becomes nearly angular on the 
outside by use. 

It is common to give the top sectional curvature of the head a radius 
of Ginches. It is better to give it about twice that radius, for in a short 
time the surface approximates a plane, and in hammering down the too 
great central convexity a permanent strain is created tending to split the 
head. This too great convexity also tends to wear a groove on the faces 
of the wheels. 

The under side of the head should be as broad as possible, so as to 
have the greatest practicable bearing on the top of the fish-plate. Ex- 
perience shows that joints often work by the indentation of the under 
side of the head, and the battering down of the top of the fish-plate, 
especially when the latter is short, and so the rail ends are bent down 


and finally destroyed. This indentation is .often imperceptible, except 


For the principle of this formula sce a paper on the comparative economy of Stee) and 
[ron rails by the Chairman of the Committee, herewith presented. 
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from the sound and tremor. The outer corners of the under side of the 
head should therefore not be rounded as usual, but sharp. This also 
vives greater wearing surface to the side of the head. There is no ob- 
jection, except in looks, to a sharp salient edge, as there would be if 
theangle were re@ntering. All these considerations show that the section 
of the head should approach the angular form instead of the oval. 

The under side of the head and the top of the base near the stem 
should, of course, be absolutely plane surfaces, so that the fish-plate 
shall fit and be in entire contact, its whole thickness, both when new 
and when drawn nearer the stem after wear. The inclination of the top 
of the base and bottom of the head, where in contact with the fish-plate, 
should be about four horizontal to one vertical, or about 14° from hori- 
zontal. If much steeper than that, even if considerably flatter than the 
angle of friction, the fish-plate has a tendency to work outwards with the 
vibrations (just as a loose object works down an almost level tremulous 
plane) becomes loose, though perhaps not perceptibly, so as to wear the 
shoulders, the rail begins to wear and to suffer strains, and it weakens 
and finally breaks the bolts. If much flatter, it weakens the head and 
base. and does not allow sufficient wedge movement to tighten up when 
the shoulders wear. 

A very large proportion of the fish-joints in use are only imperfectly 
successful, because the shoulders are too steep, or too narrow or not 
plane surfaces, or the plates are too short, too narrow on the edges, or 
of too soft metal. They should be of steel. 

The short and therefore inefficient fish-plates formerly used in this 
country followed English precedent. With their plan of setting the rails 
on chairs the joints must, of course, be between chairs, and the ends of 
the rails kept from bending down, only by the fish-plates. They must, 
therefore, be very short or they would bend. There is no such reason in 
our case. Their plates are 14 inches; ours should be, and often are, 
twice that length. 

Again, in England, steel fish-bars are condemned, because with their 
steep shoulders, short plates, rigid rails, and great strains, the steel breaks, 
while iron bends. There are no such severe strains in our joints. The 
Chairman of the Committee has, within the last 7 years, used probably 
over 100,000 steel fish-plates, and so far as he can hear not one has ever 
broken. 

The pernicious influence of the rules derived from the experience of 


one country on the practice of another, when the circumstances that in- 


duced those rules.do not exist, is strikingly shown by these examples. 
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From such cases we can understand how engineers and managers, whose 
professional education has been exclusively or mainly European, or from 
European books of practice, labor under extreme disadvantages in this 
country. 

It would be well to make the fish-plate longer and thinner towards 
the ends, so that in case of a vertical bend of the line of rails near the 
joint, an angle should not be formed at the end of the plate, but a vertical 
eurve. The tops and bottoms of. the plate should retain their thick- 
nesses so as to be stiff sidewise. 

Where the tish-plate is used, the angles between the sides of the stem 
and the under side of the head and the top of the base are necessarily 
sharper than seem on other accounts to be desirable. With good iron, 
and especially steel, this objection is very small. But with imperfectly 
welded or very inferior iron the objection becomes serious; and it would 
perhaps be better in such case not to use the fish-plate, but to fill in the 
reentering angles and make the joint fastening at the base. With 
worthless iron, good forms cannot be had. 

The stem has generally been made unnecessarily thick. Experience 
with many thousand tons under a heavy traflic during the last 8 vears 
has shown that a thickness of one-half inch of iron and seven-sixteenths 
of steel does not perceptibly compress nor bend sideways, nor with a 
good fish-joint, or any other good joint, give out in any other way. 

The stem should not be made thick for the following reasons : being 
near the neutral axis it adds little to the strength ; it wastes material and 
unnecessarily increases cost. If the unnecessary metal in the stem of 
the rail in diagram No. 17 had been put into the head, it would have in- 
creased the duration 33 per cent. [t is more difficult to put poor metal 
into a slender stem. It sometimes makes the rail too rigid and so in- 
creases the wear of the head and the liability to break. With a given 
width of head, the thinner the stem, the wider the bearing of the fish- 
plate under the head. When the head becomes elongated by hammering 
and crushing its surface, a thin stem yields more than a thick one, and 
so does not transmit so great a longitudinal strain to the base. 

The base should be broad so as not to cut into the cross tie. 4 inches 
does very well for good white oak ties, covering fll 50 per cent. of the 
ground under the rail ; but is insufficient with chestunt or other ties of 
soft wood unless, like cypress. it is very clastic. With soft wood ties on a 
roal with heavy traftic they should cover 40 per cent. of the ground 
uuder.the rail, or the base should be 4) inehes wide, or even more. This 


width, formerly impossible, or very difficult: without great thickness or 
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permanent strain in cooling, can now be attained with good metal with- 
out a great increase of weight. One-eight inch thickness at the edge is 
sufficient to transmit the pressure to the tie without risk of breaking. 
Great breadth of base has been advocated, on the ground that it in- 
creased the metal at the point farthest from the neutral axis, and so in- 
creased the strength. On the other hand it has been denied that the 
outer edge increases strength at all, because it curls up as the rail bends. 
The last view is probably right, but it is of little consequence, compared 
with other considerations, which is right. The most important relations 
of the breadth of base are not with the strength of the rail, or with its 
height, but with the amount and hardness of the timber under it. Ex- 
perience once showed that rails 7 inches high, with about half that 
breadth of base did not upset. The preponderance of weight on the 
running side of the head is more than enough to counterbalance the 
centrifugal force on curves. * 

The base should be thin, because when the consumable part of a 
steel or good iron rail is nearly worn off, at which time the question of 
strength becomes prominent, even the thinnest base is heavier than the 
residuary head. Not only so, but part of what is left of the head being 
compressed, the other part is permanently strained, and hence is liable 
to break over a tie. Metal, for strength, should, therefore, be put into 
the head rather than the base. A rail generally breaks, not from weak- 
ness of the base but from injury to the head. A thin base saves metal 
and cost. Only good metal can be put into it. It prevents too great 
inflexibility. It is notorious that very rigid rails are more liable to 
break than those moderately flexible. Instead of conforming to the 
slight irregularities and undulations of our American foundations, a 
rigid rail can neither carry the weight between points so far apart as 
those it is liable to rest upon, nor bend down to some intermediate 
support. 

The relative weights of the many conflicting considerations in favor of 
high and of low rails can be known only by experience. A high rail is more 
rigid, and therefore the head wears out faster, and, under some circum- 
stances, the rail is more liable to break. The heads of the rails 7 inches 
high, already referred to, did not wear near as long as the same sized 
heads on lower rails. On the other hand, a low rail does not give sufti- 
cient width to the fish-plate, brings the flange of the wheel in contact 
with ice and dirt, and, if very low, is not stiff enough. Experience 


* Mr. Robert H. Sayre, Chief Engineer of the Lebigh Valley R. R., has adopted a pattern 
shown by diagram No. 6, in which the base and height are both 4°, inches 
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seems to have sanctioned a height of about 4) inches for rails of 60 
pounds weight per yard, over 4 inches for those between 50 and 60 
pounds, and 3) inches for those under 50 pounds. Many, who once 
strongly objected to these heights now adopt them. 

The reasons for light base and stem, and for putting all the metal 
possible in the head, suggest the question, why not make all head 2? In 
other words, why not use a rail, say 2) inches square, which would weigh 
about 63 pounds to the yard? Besides the inconveniences of so low a 
rail and the greater risk of poor metal, it would be too flexible, if not at 
first, certainly when partially worn, while the rail, with stem and base, 
would be stiff enough when much more worn; and with so narrow a 
bearing, the square bar would cut into the tie, and the connections 
would be unsatisfactory. 

In the patterns of rails hereinafter recommended, the head contains 
from 45 to 50 per cent. of all the metal. We prefer 50 per cent. to any- 
thing less, except for a road but little used. On such a road the rail 
must be nearly as strong as on any other, but wearing endurance is not 
required. 

Experience has shown that the thickness commonly adopted for stem 
and base is from one to three-sixteenths inch more than is necessary, 
adding a nearly useless weight of about & per cent. to the weight and 
cost of the rail; or, perhaps, $30,000,000 to the cost of the rails now 
laid in this country. 

As rails often break from punching the stems and slotting the bases, 


and the fracture begins in those parts, we may fairly be asked, if this 


-danger would not be diminished by making them heavier. Doubt- 


less it would; but that would be a very expensive way of diminishing 
the danger, while it can easily and cheaply be prevented by proper 
fishing with a long stiff fish-plate extending far past the last-hole in 
the direction of the middle of the rail, with broad plane surfaces of 
contact between rail and plate, with flat slopes of shoulders, in which 
case the bolts and nuts do not work loose, the plate bears the head and 
the weight on it, and carries it to a distance from the ends of the rail, and 
the rest of the rail, near the end, has nothing to do. With other than 
tish-joints. we admit, there is some force in this objection. 

Bolt holes should be drilled, not punched, through the stem. The 
base should not be notched at all, but the rail held from traveling 
longitudinally by straps connecting fish-bolts and ties. 

The Committee, as now advised, is of opinion that the patterns 


shown in the plates annexed, Nos. 1 and 2 for iron, 3 for steel, and 4 for 
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either first-rate iron or steel, the weights being respectively 62, 50, 53 
wud 56 pounds to the yard, all formed according to the foregoing prin- 
ciples, are substantially of the right form and proportions, unless the 
machinery is extravagantly heavy. Many thousands of tons of the Ist, 
2d wand 4th of these patterns, and many hundred of the 3d, have stood 
the test of several years’ experience under a heavy traffic, especially on 
the different roads between Baltimore and New York. The corners, at 
th bottom and outside of the head, should not be so much as in the first 
foar of these patterns, but the sides and bottom of the head should be 
brought very nearly to a sharp edge, as represented by the dotted lines. 
This would give greater wearing surface on the sides of the head, 
und greater bearing surface for the fish-plate, and would not increase 
the weight one-fourth of a pound per yard, or less than 0.4 ton per 
mile. * 

Mr. O. Chanute, Chief Engineer. Erie Railway, and member of the 
committee, proposes to adopt the form No. 5 for the Erie Railway. 

The Committee cannot see any definite relation between the proper 
weight of a rail and the weight of a wheel rolling over it. Of course the 
rail, both when new and when fully worn, must be strong enough to carry 
the weight between the most distant actual supports, and to distribute 
that weight among adjacent supports. As this depends on the residual 
part of the rail, there is, within certain limits, a sort of rule of thumb re- 
lation between the weight of that part and the weight on a wheel. But if 
patterns or materials differ widely, even that relation fails. That most 
important to consider is, between the weight on a wheel and the hard- 
ness, elasticity and breadth of the metal in the head. The proper rela- 
tion of the consumable part of the rail is not with the weight on a wheel, 
but with the amount and mode of the traffic. The relations of breadth 
of base are with weight on rail and amount and hardness of timber 
under it. 

As the weights of different parts of the rail should be adapted to 
different purposes, and so follow different rules, the parts should not be 
increased proportionably, but each according to the duty it is to per- 
form. Nearly as strong a rail is required for a light as for a heavy traftic, 


with the same machinery, but it would be folly to put on as heavy a head 

* For some particulars of experience with rails of the first four of these patterns, the Com- 
mittee refers to the annexed Memoir contributed by their Chairman. 

Mr. Sayre has slightly beveled the upper part of the head in the rail shown in No. 6. This 
makes weight and cost about one per cent. less than if the sides were carried vertically up, 
and cousumable area, and therefore endurance, three per cent. less. His object is to save the 
flanges of the wheels, The Committee is not prepared to give an opinion on this feature. 
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for a light traffic road as for a heavy traffic. A poor rail gives out by 
coming to pieces, a good one by wearing down the head ; neither is 
cured by general increase of weight. If our ties were always sound and 
solid and their surfaces in the sume plane, the lightest rails in common 
use would be sufficient for strength and stiffness. But this is not always 
the condition, and the frost makes it worse by heaving the road-bed 
unequally. 

Supposing the actual supports to be 5 feet apart or under, the rails 
represented in the diagrams are suflicient to carry the loads. According 
to more than 100 trials, made under the direction of the Chairman of 
the Committee several years ago, with rails on supports 15 feet apart, the 
deflections of these rails were as follows: of the 62 pounds iron rail, 1.25 
inches, with 4,400 pounds centre load; of the 50 pounds iron rail, 1.57 
inches, with 3,500 pounds, and of the steel, shown by diagram No. 4. 1.44 
inches, with 5,800 pounds. The calculated elongation of the bottom 
film of the rail was in each case one fourteen-hundredth. In every 
instance the deflections coutinued to increase in proportion to the 
weights beyond those here given. The great distance between supports, 
of course, caused the twists and unsteadiness and lateral bends of the rail 
to show a worse result than if the supports had been nearer together. 
With actual supports, 5 feet apart, the rails should safely bear centre 
loads as follows: the 62 pounds rail, 13,200 pounds, with detlection of 
0.14 inches; the 50 pounds rail, 10,500 pounds, with deflection of 0.17 
inches, and the 56 pound steel rail, 11,400 pounds, with deflection of 
0.16 inches. Occasional weights much heavier could be carried without 
sensible injury. For the partially worn rails, the stiffuess being less, the 
distance between actual supports would in most cases be diminished by 
enabling the rail to bend down to an intermediate support. But a more 
important evidence that these rails are strong enough is, that after a 
heavy traffic for several years they do not break, whether new or with 
the head fully worn. As the actaal bearings and other data for an 
imperfect or frost-heaved track are unknown, not calculation, but 
experince must decide what strength is sufficient. 

Our rails do not give out from want of strength, but from injury to 
the head, not always perceptible to the eve. After a certain amount of 
such injury, additional strength postpones but does not prevent the 
destruction of the rail. It is better to prevent destruction by a little 
more, and especially by a little better metal in the head, than merely 


to postpone it by much more metal below the head. 


The really important inquiry is, what is the relation between the 
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size and elasticity of, and the weight on a wheel, and the width, hardness 
and elasticity of the top of the rail. 

Experiments made by Mr. Chanute show that a newly turned 
driving wheel, 5 feet in diameter, bears upon a rail surface only about 
one-fourth square inch. If, therefore, the weight on such a wheel is 
10,000 pounds, the static pressure on the rail surface in contact with it is 
about 40,000 pounds per square inch, and the dynamic pressure is still 
more. Lf the metal is so soft as to crush under this weight, as most 
wrought-iron does, the top of the mul must not only be disintegrated so 
as to be easily wiped off by abrasion, but it must be expanded and 
elongated, a permanent Jongitudinal strain must take place, tending to 
tear apart the lower part of the head and all below it, and if it is not 
soon worn out, ultimate breakage must ensue.  Tnerease in weight, at 
best only postpones this breakage fora short time. Many rail tops are 
actualy elongated one-fourth ineh, 

As the crushing and consequent expansion of the metal extends but 
a short distance below the surface, any additional metal put in to 
counteract the strain should be put, not into all parts of the rail pro- 
portionably, but into the head, where it answers other important pur- 
poses. 

A weight of 5,000 pounds, on a wheel 30 inches in diameter, probably 
cuuses very much more than half the pressure per square inch that is 
caused by 10,000 pounds on a 5-foot wheel. And the same weight on 
the same sized wheel, with the wheel or rail or both highly elastic, gives 
much greater surface of contact, and therefore less pressure per square 
inch, than if both were inelastic. 

When the weight on a square inch area of rail surface reaches a 
certain point, a small addition to it increases the damage many-fold. 
Increase of width of head tends somewhat to remedy this; but a 
general increase m proportion to the weight of the wheel would do 
very little good. We, therefore, consider that no rules fixing the 
relative weights of load and rail should be adopted, except within very 
moderate limits for rails of the same pattern, kind and quality. This 
would be so local and limited as to be o® no general use. As an increase 
of weight in the stem and base may cause too great rigidity, and thus 
diminish endurance both by increasing wear anid fracture, any such rule 
is liable to be not merely useless but mischievous. 

The Committee is, as vet, unprepared to go into detail on the mann- 


facture of rails. We remark that the manufacture has so improved in 


this country, that patterns formerly inadmissible on account of the 
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difficulty of rolling and risk of defects, and difficulties in cooling, are 
now readily produced. 

A few general principles, already fiuniliar, may be brietly enumerated, 
The top surface should be very hard, and if possible clastic, and mad 
of such materials and ta such manner as to be uniform, especially where 
heavy machinery is used; the base should be of strong and, if possible, 
slightly ductile metal, the cooling and straightening so managed as to 
cause ho permanent strain of one part of the rail against another. <A 
judicious increase of 10 or 15 per cent. to the cost of ordinary rails 
would double their value. But this, rail purchasers will not often pay. 
and rail makers have no encouragement to put on the additional 
work 


hor testing rails, the drop and the dead weight have often been used 
too exclusively. They test the rail only as a beam, and the metal only 
as to brittleness and strength. la England. where strength is the con- 
trolling consideration and when the rails are double-headed, the drop 


may be the best test. But here, where rails do not give out from weak- 


ness but from wear, and where a certain amount of flexibility is condu- 
cive to the longevity of the rail, and where there is only one head, it is 
not a sufficient guide, except in comparing different rails of the same 
kind and pattern. A rail of light head and heavy base will give the best 
test with the drop, but it will not last so long as a rail with heavy head 


and light base. The 56 pounds steel rail, diagram No. 4, is not so strong 


or stiff as the 62 pounds iron rail, diagram No. 1, and will not give so 
good results with the drop, but it will last 10 times as long. Of course, 
we would not reject it as one of many tests. Reported tests commonly 
give us permanent set. What we really want to know is not the amount 
of set, some weight or blow gives, but how great the weight or blow 


can be, without any set at all. 


Many vears ago, the Chairman of the Committee adopted the test of 
hammering the rail to destruction. Perhaps 40,000 tons were tested (by 
specimens taken at random) in this way ; and the experience is, that the 
number of blows on any kind and pattern of rail very closely measures 
the lifetime of that rail as compared with others of the same kind. It 
fully discloses the defects of the rail, as brittleness, softness, bad weld- 


ing. lamination, &c. This, however. does not give the relative endurance 
of iron and steel, as it probably would if each was destroyed only by 
honest weu. Stecl lasts many times as long as iron, not only because 


harder, stronger, more elastic and homogenous, not coming to pieces, 


but, perhaps, mainly because as vet the weight on its surface is not great 


| 
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enough to crush it; whereas the weight on the same surface of iron being 
too great for the material, crushes and destroys the fibre. 

As most tests are related to the mode of manufacture, it is best to 
defer their consideration till the manufacture is considered. We only 
remark that the ** durometer” is alvantageously used to test the lard- 
ness. Lron rails give out very often from unequal hardness in the head, 
Which makes it wear down in spots. This instrament can bo used to de- 
tect any such Inequality. 

* The endurance of rails” is so dependent on their kind, quality and 
form, and their foundations and splicing, and on the grades, curves, &e., 
of the road, and on the speed of the trains, and size and weight on 
Wheels, no definite average numerical results can be given without a 
much fuller response from the different railroads than we ave vet ob- 
tained. We shall hereafter give some particular results of experience on 
this point. The duration of a rail is as indefinite as the value of a horse 
or the size of a piece of chalk. Some of the early rails were in use 25 
or 30 years, while new and larger rails laid in the same track during part 
of the same time, gave way in 2 or 3 years. Perhaps the light hammer- 
ing of early times actually increased their endurance. With heavy 
machinery and high speeds a rail might carry 1,000,000 tons ; with very 
light machinery and moderate speeds the same rail might carry 10,000,000 
or 20,000,000 tons. 

Of course the means of increasing endurance besides increasing the 
sectional area of the consumable part of the rail, are better metal, good 
roud-beds, moderate speeds and moderate weights. As other than en- 
gineering considerations often control the weights of machinery, the 
present excessive weights must be accepted as fixed. 

One obvious remedy, though only partial, is to increase the width of 
the top of the rail, so that the surface of contact of each wheel being 
greater, the pressure per square inch shall be less. If the weight on a 
dviving wheel is 10,000 pounds, and its area of coutact with a rail head 
2.1 inches wide, is one-fourth square inch, the pressure will be at the rate 
of 40,000 pounds per square inch. But if by increasing the width to 2.8 
inches the area of contact is Increased to one-third square inch, the pres- 
suve will be only 30,000 pounds per square inch. The damage done to 
te rail in the former case must be many times as much as in the latter. 

\nother obvious means of promoting endurance is to ballast the road 
with stone broken very much smaller than is enstomary in this country, 


and cover 30 per cent. or more of the span with ties about 7 inches thick, 


and not less than 8 feet long. The length of ties does not depend mainly 
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on gauge, but on weight and bed. In some soils 9 feet lengths are re- 
quired not to slide. Good ballast, in inost situations, can be put on for 
one track for 32.000 per mile. If the rails will last 4 years with poor 
ballast, they will probably last 5—with good. Experience has sometimes 
shown much more than that difference.* If the cost and inconvenience 
of a renewal is $4,000, the present value of renewals each 4 years forever 
is $12,620, and each 5 years, 

0.317 0.411 
per cent.) The difference, 32,888, is nearly 50 per cent. more than the 


39,7352: (with money at 7 


cost of ballast. Besides, the maintenance of the road-bed so ballasted is 
next to nothing, while that of the unballasted or badly ballasted is very 
considerable. 

The last point on which we are called upon to to report is ** the 
breakage of rails.” We shall not dwell on such well known causes as 
ties too fur upart, rotten or uneven, want of good ballast, rowd-bed yield- 
ing unequally under the weight, depressions on the top of the rail, 
especially at the ends, lateral angles at the joints, or sharp curves ap- 
proximating angles, punching, slotting and bad joints, nor shall we reter 
to obsolete appliances, such as chairs, &&. Nor shall we do more than 
refer to the too great rigidity of rail by which, as before pointed out, 
their liability to break is increased. 

We call attention again to the elongation of the top of the rail by too 
great weight on a wheel in proportion to the bearing surface, and the 
hardness of the metal, by which a permanent strain is created on the rest 
of the rail, perhaps gradually snapping the extended fibres or somehow 
weakening the metal, resulting in ultimate fracture. We also repeat that 
this is partially remedied by greater width of the top of the rail. 

But why do rails break in winter especially ? 

Ist. Because the material is, as most of the Committee think has been 
proved, really more brittle in very cold weather. According to experi- 
ments reported by Sandberg, specimens requiring a drop to fall 39 feet 
to break them, with the thermometer at 84 , were broken with the same 
drop falling 11 feet, with the thermometer at 10°. Different Kinds of 


iron and steel vary very much in this respect. Steel, though more elastic, 


does not wire-draw like iron.  Lron does not wire-draw so mueli when 

Many years ago the Chairman of the Committee ballasted a mile as follows the loam at 
sub-grade was rolled and leveled till even slightly rounded and uniformly hard, then a thin 
stratum of tine gravel put om to prevent the loam from rising between the broken stones, then 
1 stratum of ordinary ballast 6 inches thick, then very tine ballast # inches thick, in two courses 
Each stratum and course was thoroughly rolled before the next was put ou. For 10 years itis 
not supposed a dollar was spent on this mile, except to watch it. Rails and ties are supposea 


to have lasted 40 per cent. longer than in other places. 
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cold. But it may be questioned whether the limit of elasticity in iron or 
steel is lowered by cold. — Uf it is not, then cold alone would not endan- 
ver the rail, but inordinate strain must be an essential condition of frac- 
ture. 

Yd. The road-bed heaves irregularly, causing the rail to bear on few 
points tar apart. 

3d. The road-bed being frozen hard becomes inelastic; and also high 
points are not lowered to the level of other supports by the weight. 

ith. The top of the head being elongated, and a permanent longitu- 
dinal strain thus created codperates with the other causes in producing 
fracture. 

Sth. Insutlicient allowance for contraction by cold may cause a longi- 
tudinal tension acting against the fish-holts. 

Froma report on this subject by Mr. Chanute, it appears that on a 
Western railroad there had been no breakage for 10 years after the rails 
were laid, then 200 or 300 in one winter, and then over 5,000 the next 
winter, showing that by use the rails became more breakable. 

Our last duty is to give our views of the comparative value of steel 
and iron rails. While steel rails as we get them are tolerably uniform in 
quality, iron varies so much that no comparison can be made except 
of particular qualities or of averages of qualities widely different. We 
can us vet do little more than give the results of our own experience. 
Tn so doing we shall not only compare steel and iron, but also the effects 
of some different circumstances on the duration of both. 

It seems probable that the best iron, if homogeneous and the head of 
uniform hardness, so as to wear off evenly like steel, would, with 
machinery of moderate weight, wear a third or even half as long as steel. 
The Chairman has found that his 62 pounds iron rail after carrying about 
14,000,000 tons gross load. has worn offonly about 25 per cent. more than 
the steel rails on the same track and under the same circumstances. 
Probably it will not wear so well when the top erust is worn through, 
But owing to want of homogeneousness and uniformity the iron 
seales, splinters, laminates or somehow disintegrates or mashes in spots 
before it Wears out. 


In ISt4 some stecl rails were laid down at Wetherly, on what is now 


part of the Lehigh Valley Ro R., on a steep grade where there is con- 
stunt drilling twelve or fifteen hoursa day. A section of the only rail yet 
tuken ontafter nine vears and seven mouths wear is shown in diagram No. 
17--the dotted line representing the probable original top. [f that was the 


top, the head is worn down three-tenths inch, and 9.30 pounds of metal 


— 
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per yard worn off by what is supposed to be equivalent to 40,000,000 tons 
freight or 100,000,000 tons eross load. The other rails are expected to 
last two years longer (in all twelve), and so to carry the equivalent of 
about 50,000,000 tons freight or 125,000,000 tons grossload. Tf the stem 
had been thinner the wear would probably have been less. Tron rails in 
the same situation averaged four months, so that the steel seems to be 
thirty-six times as durable as the iron. 

The 62 pounds iron rails before mentioned may carry 12,000,000 
tons of coal with the slow speeds of the Belvidere Ro Ro Rails in other 
places of fair ordimary quality carry from: 2.500.000 to 6,000,000) tons 
freight, or 4,000,000 to 15,000,000 tons @ross load. according to weights. 
speeds, grades and other ciremustances. 

A steel rail may last five or ten times as long as really good iron rails, 
fifteen or twenty times as long as those that pass for good rails, thirty or 
forty times as long as the common run, and fifty or even one lindred 
times as long as many rails made ten vears ago, or since imported from 
the cinder heaps of Great Britain. 

From observations made wider the direction of the Chairman, of 
which diagrams No. 6 to 16 are specimens for steel, and No. 18 to 28 to 
iron, it appears that 1,000,000 tons of freight or its equivalent, equal to 
2,500,000 tons gross load, have worn off the steel from 0.14 to 0.62 pounds 
per vard, averaging 0.30 0.47 tons per mile, and have worn off the 
iron from the 62 pounds rail rolled at Bethlehem from 0.27 to 0.69 pounds 
per vard, averaging 0.38 — about 0.6 ton per mile. The rails have been 
laid from four to seven years, most of them six vears. It will be seen 
from the diagrams that in most cases the head is worn off as much on the 
side as on the top, even on straight lines. This is owing in part to the 
gauge of foreign cars being two inches narrower than the road. 

If the heads of these steel railscan be safely worn down one half inch, 
and one-fourth inch from each side, those on straight lines and under 
other favorable circumstances ought to carry 100,000,000 tons of freight, 
those on the worst curves 16,000,000, the average being 50,000,000, equal 
to 125,000,000 tons eross load. But tor the difference in gauge between 
the cars and the read, the endurance would probably be much greater. 
On straight lines, the wear on the top seems to be only one-hundredth 
inch for 125,000,000 tons of freight, which should require 62,000,000 tons 
to wear the head down one-half inch. 


Probably steel rails can at the present moment be purchased for 


$9,000 per mile, which last ten times as long as the best iron that can be 


105 


had for 36,000 per mile. The commercial value of the iron (measured 
by price) will then be two-thirds that of the steel, its intrinsic value or 
capacity for usefulness (measured by endurance), one-tenth that of steel; 
its economic value will depend on combined capacity and opportunity 
for usefulness {measured by endurance and tratlic), and the interest 
Chargeable against it. 

Let / represent the cost of the irou — G000, S that of the steel — 9000, 
L the loss on each renewal of the iron, say 4000; 4! the loss on each 
renewal of the steel, say S000, Let be the rate of accumulated interest 
fat 7 per cent.) for the interval between the renewals of the iron, and a! 
that for the intervals between the steel. Then to make the iron and 
steel equally economical, 


a! 


/ should equal S 
If iron will last 10 years under the traflic on the road to be provided for, 
and steel 100 years, then the cost of iron and its perpetuation will be 

S000 

of steel. 9000 9005, and the present 
value of the difference in favor of steel will be 1036. At 12 years it 
is nearly equal, over 12 years iron is most economical, while under 12, 
steel is. 

But it may be economical to use iron temporarily, while traffic is 
light, and replace with steel when traffic becomes heavy. Under no 
circumstances can it be economy to use a very heavy iron rail (say 80 
pounds to the yard), for a light steel rail would cost less and last longer. 
It makes little difference whether a steel rail will last one-half century 
or “orever. The present value of renewals every 50 years forever is 
only bee 165, or less than 2 per cent. on the cost of the rails. 

The members of the Committee have endeavored to dissect the 
subjects referred to them, and present the points separately, so that 
members of the Society and others may give facts or opinions on points 


within their observation, before the Comittee is called upon for a 


tinal report. 
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A MEMOIR ON RATLS* 
By C. E., Member of the Society. 


Reap June 10, 1874. 


During the year 1865 the task presented itself to me of devising or 
selecting suitable forms of rails for the system of railroads occupying the 
central part of the State of New Jersey, between Philadelphia and New 
York, of which I was the executive officer as well as the engineer. L pro- 
posed to use three classes of iron rails, one for main lines with heavy traf- 
fic, one for branches with light trafic, and one for sidings but little used, 
and one class of steel rails, of course, for main lines. The result of the 
consideration then given to the subject was the adoption of principles by 
which the forms of rails should be determined, nearly identical with those 
set forth in the Report to which this Memoir is appended, and patterns 
were adopted conformable thereto. 

A 62 pounds iron rail pattern was adopted in 1865, afterwards slightly 
modified by less rounding of the corners of the head. This pattern, so 
moditied, is shown in the annexed diagram No. 1, height 4) inches, 
base 4 inches, stem = }-inch thick, radius of sectional curvature of 
top 12 inches, inclination of bearing surfaces for both bottom and 
top of the fish-plate, 14. Many thousand tons of rails of this pattern, 
rolled principally by the Bethlehem Tron Co., were used under my own 
direction, and, so far as [can learn, no American rails have endured better 
most not so well. Diagrams Nos. 1s, 1), 20, 21, 22, 23. 24 and 25, show 
how they are worn in 6 years, carrying 6,000,000 tons freight, or 15,000,000 
tons gross load. After an experience of 8 or 9 years with such rails, wider 
a heavy trattic, with heavy machinery and high speeds, after much pn- 
quiry, [have not been able to tind that the half-inch stem las ever com- 
pressed or bent sideways, or the head or base has cracked off, or suffered 
in any way from the sharp re-entering angle with the stem, or that the 
rail has ever given out, except by wearing, crushing, scaling, splintering, 
or laminating at the top. Substantially this form is now being adopted 
by neighboring engineers in this country, who at first strongly objected 
to it. Toamade one decided mistake in this pattern, by wot having the 
outer bottom corners of the head sharp enough ; or, rather, 1 yielded too 


much to the fecling against such an unsightly thing as an angular head. 


* Appended to the Keport of the Committee om the Form, W bt, Manufacture and Lite 
Bails. 
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Where chestnut or other soft ties are used, unless the wood is very 
elastic, the base of this rail should be increased to 4) inches. 

Diagram No. 2 shows the 50 pound iron rail T adopted for branch rail- 
roads ; height and base each 3) inches, stem 43 thick, head 2: wide, 
and Li deep. More than 30,000 tons of this pattern, rolled by the Allen- 
town Rolling Mill Co.. are in use on different roads, and do good service. 

Previous to I867, the steel rails laid in this country, copied from the 
iron rails then in use, were unnecessarily heavy, and so proportioned that 
much of the metal did ne good. The forms in use for iron rails were cal- 
cnlated not so much to prevent their destruction by wearing out as by 
coming to pieces. Believing that there was no danger of this latter mode 
of failure in a steel rail, and that a very thin stem and base would give 
sufficient strength, [ determined to try a pattern in which all the metal 
possible should be put into the head, and as little as possible anywhere 
else. This pattern, intended as an experiment to give the principles 
I had adopted an extreme test, is represented in the diagram No. 
3, height and base each 4 inches, head full 24 inches wide and 1, deep, 
radius of sectional curvature of top of head 12 inches, stem ,), thick, 
base 4, on the edge, and its upper surface rising at an angle of 14 
(same angle as under side of head), weight 53 Tbs. to the vard. 

After considerable negotiation with Naylor & Co., during the early part 
of the season of IS6H. LT eave them the order on August 14th, for 200 tons 
of steel rails of that pattern, to be rolled by John Brown & Co., at Shef- 
field. After much hesitation, and unsuccessful effort on their part to get 
the pattern modified, and the lengths reduced below 30 feet, the rails 
were tinally rolled by them without much difficulty, stood an unexpect- 
edly good drop test: (tested. as Tunderstood at the time, by Kirkaldy, at 
London), and were ludin the spring of [S67 at points on the main lines 
of the malroads above referred to, where it had been found that rails were 
destroved imost rapidly. 

The severe usage to which these rails were subjected, without the 
slightest Injury. soon neide it evident that they were strong enough, and 
several hundred tons move of the same pattern: were laid down in L868 on 
the nedn line. between Philadelphia and New York, in places where rails 
Vere Work ont most rapidiy, One where they were laid was in 
Berzen Cut, a mile or two from the Hudson river, where the curves are 
very sharp and the speed high. Probably, 36,000,000 to 38,000,000 tons 
of eross loud perannim have since passed over cach track laid with these 


spindle-shanked rails at that point, equivalent to 9,000,000 to 10,000,000 


tons of freight in the six verrs, 
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After frequent, including very recent, examinations of the rails of this 
pattern, cannot tind that one rail has ever broken, although 
dreds of other rails, including some 67 pounds steel, have broken on the 
same roads since these were laid. ‘The only injuries T can find to the 
stem or base are—one base cracked, and the bases at three joints on 
rotten ties bent up fora very few inches. ti imany places where these 
rails are laid the road-bed is not a good one. The rails with thinnest 
stems wear best. 

On applying accurate complementary templets to these rails. no stem 
has been found compressed or bent or detlected from the perpendicular. 
The templets would show a deviation of less than one-hundreth of an inch. 
Except the wear on the heads, the rails are apparently as good as when 
first laid, some 6 and some 7 vears ago. The accompanying diagrams. 
Nos. 6.8, 10 and 12, show how and how much the heads have worn. 
On the sharp curves the wearon the top of head of outer rail is three 
or four times as much as on straight lines, the wear on side of head 
increasing the whole loss of metal to four or five times as much as on the 
straight line, except where there is much stopping and starting. As 
these rails were in all cases laid in the worst places. the wear is much 
greater than it would average on a whole road. In those places good 
fair iron rails, as rails were in those days, wear out in a vear. On the 
Belvidere Delaware R.R., where the trains commonly take 750 tons of 
coal, at a speed of S miles per hour (the weight on each driver being 
under 10,000 pounds), and the foundation is good, the wear on top of 
rail is sometimes not over one-hundredth inch for 2.000.000) tons of 
coal or its equivalent; while at Bergen Cut, when the radius of curvature 
is under 600 feet, the loss of metal from the top and side of the head is 
full six times as great for an equivalent amount of traftic. In the forme 
the capacity of this 58 pounds steel rail is probably S0.Q00,000 tous of 
coal, or 200,000,000 tons gross load, in the latter 30,000,000 toms eross load, 

These rails having behaved so well, I adopted the pattern for the 
system of roads in my charge; slightly modifying it, however, by putting 
a little more metal into the base and stem, making the latter 43-inch thick. 
and increasing the weight to 56 pounds. ‘This is shown in diagram No. 
4, and was partly a concession to general opinion (especially to that of 
President Hinckley, who adopted this pattern for the Philadelphia. Wil- 
mington & Baltimore R.R.), partly to facilitate the manufacture, but 
especially to be on the safe side. As the original 53 pounds pattern has 


given just as good results as the other, T would adopt it now in prefer- 


ence, except when the machinery is very heavy, or the ties bad. 
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Several hundred miles of track laid with steel rails of this moditied 
(56 pounds) pattern, have been in successful use under a heavy traffic, 
with high speeds, from three to six years; especially on the roads between 
Baltimore and New York. [cannot find that more than 2 or 3 of these 
rails out of 7,000 or 8,000 tons laid under my own direction have been 
broken or removed from the track. 

This pattern, regarded at first by all who saw it with surprise and dis- 
approbation, has been growing in favor, and with slight modifications, 
extensively adopted. Those who have since adopted substantially the 
same pattern, may have been led to it, without any knowledge of mine, 
by the same course of reasoning that I followed. 

For reasons elsewhere given, the corners on the under side of the 
head ought to have been less ronnded. With ties of soft wood (unless 
very elastic like cypress), the base should be 4) inches wide, or even 
wider. 

Misled by a high foreign authority, I at first used too short fish- 
plates, only 14 inches long, the ends of which slightly indented the 
shoulders of the rail. L afterwards used fish-plates 28 inches long. The 
flat slopes adopted for the bearings of the fish-plate prevent any tend- 
eney to move outwards causing the bolts to break or the nuts to work 
loose. IT put small leather washers under the nuts, and though tried 
periodically, they are sometimes not tightened for many months or even 
for years, 

[understand that some railroads are now using an iron rail of the 
pattern shown in diagram No. 4. If the metal is thoroughly welded, it 
will do well. 

As the foregoing experience with very slender rails differs widely from 
What was generally expected, T submit it for the information of the 
Society. 

Mr. Horatio AuLen.——In listenmg to the Report and Memoir just read, 
[have wished very much that we had in this country the good old English 
custom of saying ‘hear, hear.” Surely, then, many present would have 
been prompted thus to manifest their approval. Although all may read 
the Report in print, those who have traveled a long way to attend this Con- 
vention must rejoice that so valuable a paper has been pressed upon 
their attention wand memory by one of such experience and ability. It 
is rarely a body of engineers listens to so much that is valuable, as we 
have just done. 

Mr. Roserr L. Cookre.—I understand this is only a partial report, 


and that the Committee has the matter still under consideration. IT move 


| 
we 
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the adoption of the Report, and that the Committee be continued. — (‘The 
motion was carried. ) 

Mr. J. Durrox Sreeie.—T have been exceedingly interested in the Re- 
port, and think the Society has great reason for congratulation that this 
Important topic has been placed in so competent hands. 

When the old fish-belly rail in the Liverpool & Manchester R. BR. 
was abandoned, the matter was made the subject of scientific investiga- 
tion in England, the result of which was the production of a rail pattern 
nearly like that recommended by this Committee, the adoption of which, 
however, was prevented by the influence of the iron manufacturers. 

About a dozen vears ago, a very large U shaped rail, 12 inches across 
the base and 6 inches high, was in favor in England. The two rails form- 
ing the track were tied together, every 8 feet in length, with iron bars. 
and the ballast was put in so as to sustain them, without ties or other 
supports. An English stockholder in the railroad of which T had charge 
at that time, caused to be sent over to America enough of these rails to 
lay one mile of track, which was carefully done, and the ballast put in. 
The result was, that at first it was one of the most perfect roads that I 
ever rode upon ; there was hardly a jar or quiver ; but in consequence of 
the lack of elasticity referred to in this Report, the wear was excessive, 
and in six months the rails had to be taken up. 

The double-headed English rail was intended to reverse. If T am 
rightly informed, one objection to this pattern not mentioned by the 
Committee is, that the roll of the wheels on the lead of the rail granu- 
lates or wears it so that fracture takes place immediately upon reversion. 
[ have watched with some interest, as probably subject to similar in- 
fluences, steel frogs when reversed, and tind that they will net then with- 
stand the wear. 

Mr. A. D. Britces.— My own observation has led me to doubt very 
much whether low temperature is the canse of failure of rails in cold 
weather. Itis a matter to which T have given much attention during 
the last few years. [have eoilected considerable information upon the 
subject, and so fir as Tam at present informed, good rails and yood iron 
wheels are not weaker in a low temperature or more likely thereby to 
break than in # higher temperature. Jn Massachusetts it has been 
shown that few, if any, more rails or tires break in cold than in warm 
Weather, from temperature alone. TI am assured the failures in cold 


weather are due instead, to defective rail patterns, the quality of lnate- 


rial, or the condition of the road-bed. 
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The following references are made to the rail sections which accompany the 
report of the committee: 

No. 1. Iron Rail 62 pounds per yard. 

No. 2. Iron Rail 50 pounds per yard. 

No, 3. Steel Rail 53 pounds per yard. 


No, 4. Steel Rail 56 pounds per yard. 
- 5. Form fer steel Rail proposed by Mr. O. Chanute, — pounds per 
yard. 


No. 6 Rail adopted by Mr. Sayre from the Easton & Amboy Railroad, weight 65 
pounds per yard. Same pattern for ivon and steel. 

No. 7. Section of 56 pound rail now iv use oa outside of curve near froz south of 
bridge over the Passaic River, Center > treet ioute, Newark. Made by John Brown & 
Co., and has been in use four yea's. 

No. 8. Section of 53 poun! railin use on straight line in Jersey City vard. Made 
by John Brown & Co.,and has lain four years. 

No. 9. Section of 56 pound raii in use on ma n line at Newark Meadows. Made by 
Jobn Brown & Co., and has been !aid four years. 

No. 10, Section of 53 pound rail laid on Belvidere & Delaware Railroad, opposite 
water station at Lambertville. Made by Juhn Brown & Co. in 1868. 

No. 11, Se tion of 56 pound rail lail on Philadelphia & Trenton Railroad on tan- 
gent south of Morrisville. Made by John Brown & Co. in 1868. 
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No 12. Section of 53 pound rail, laid on o; 
Made by John Brown & Co. in 1968. 
No. 13. Section of 56 pound stee! rail of c 
six years. Made by John Brown & 
No. 14. Lugide rail of the same curve at t1 
No. 15. Pennsylvania Steel Company. 4 
on tangent about a mile south of Br.stol. ] 
No, 16. John Brown & Co, 56 pound steei 
north of Eddington Siation. Has been in u 
No, 17, Section of 53 pound rail, now in 
curve of about 700 feet radius. Made by Jo 
in 1868, Worn on one side three years. the 
the present running side, Is the outside r 
No. 18. Bethlehem Iren Co., 62 pounds. 
south of Milford Station, Belvidere & D 
years. 

No, 19. inside rail of same curve at sam: 
No. 20.  thlehem Iron Company, 62 
above. Was worn five years on the right-h 
been worn a year on the present runniag aj 

No. 21, Bethlehem Iron Company, 62 por 
tangent south of Miliord station, where all 
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don ontsile of curve at South Trenton Depot. 


ail of curve at Bristol Station. Has beenin use 


ve at the same point. 

any. A W-Ich, N». 2. 56 pound steel rail. Laid 
stol. Has been worn four years. 

dsteei rail. Laid on tangent about 2,000 feet 
en in use about five years. 

1oW in track near north end of Bergen Cut, on 
e by John Brown & Co., Sheffield, England. Laid 
rs. then turned. anu has been worn for turee on 
‘tside rail of curve. 

munds. Outside rail on curve, about two miles 
re & Delaware Railroad. Has been in use six 


at same point, 

Y, 62 pounis, outside rail on same curve as 
right-hand side ot the rail, then turned, and has 
niag si ie, 

62 pounds. Hes been in use six years on long 
ere all traius run at full speed. 
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No. 22. Bethlehem Iron Company, 62 pounds. Has been in use six years at south 
end of platiorm Milford Station, Belvid-re & Delaware Railroad, 

No. 23. Be:h ehem Iron Company. 62 pounds, Hus been in use seven years on 
tangent 1,500 feet north of Frenchtown Station Belvidere & Delaware Railroad. 

No. 24. Bethlehem Iron Compauy, 62 pounds. Has been used seven years on tan- 
gevt 500 feet south of Frenchtown Station, Belvidere & Delaware Railroad. 

No, 25. Bethlehem Iron Compa:v, 6? pounds, Has been wora seven years on tan- 
gent 1,500 feet south of Frenchtows Siation, Belvidere & De'aware Railroad. 

No. 26. Bethlehem Iron Com any. 62 poun s. La:d in the fall of 1869 on outside 
of curve about half a mile south of Bristol Station. 

No. 27. Inside rail of same curve. 

No. 28. Bethlehem Iron Company, 62 pounds. Laid in the spring of 1869 on tan- 
gent 134 miles south of Br stoi. 

No, 29, Rail used ov Lehigh Va'lev Railroad at Wetherly. ABCD shows the shape 
of head after 10 years wear. AEFD shows origina! shape of head as re-tored by 
calculation, Steel rail origiual'y weighed 58 pounds per yard, reduced by wear to 
46 74-100 pounds per yard. On further investigation the officers in charge of “-main- 
tenance of way,” Lehigh Valley Railroad, say that the section as restored is about 
1-10 of an inci) too h gh, and that tue or.ginal weight was probably only 56 pounds 
per yan, which would give the section shuwy by ihe dotted line. Area of the secti B 
bouuded by the upper dotted line 5 6-10 square inches. Area of tue section of rail a6 
worn 4 67-160 square inches. 
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KY é , No. 2. Iron Rail 50 pounds per yard. six years. Made by John Brown& C», 
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No. 22. Bethlehem Iron Company, 62 pounds. Has been in use six years at south “Lipph, Of A 
of curve at Briatol Station. Has beenin use end of plattourm Milford Station, Be!vid-re & Delaware Railroad, / SPILLS, 
No, 23, ehem Iron Co npany. £2 pounds, Has been in use seven years on 
at the same point. tangent 1,500 feet north of Frenchtown Station Belvidere & Delaware Railroe i. (S474 / ; “4d 
y. A W-lch, N>, 2. 56 pound steel rail. Laid No. 24. Bethlehem Iron Compauy, 62 pounds. Has been used seven years on tan- j t o oO 9 4 
1. Has been worn four years. gent 500 feet south of Frenchtown Station, Belvidere & Delaware Railroad. ; N Z / / : Yi 
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TRANSACTIONS. 


Nore.—This Society is not responsible, as a body, for the facts ard opinions 


advanced in aay 
of its publications. 


LXXXIX, 


NOTES ON 
THE WEIGHT OF RAILS AND THE BREAKING OF TRON RAILS, 
A Paper by O. Canute, C. E., Member of the Society. 


PRESENTED 15, 1874.* 


Tue Weicur or Raits.—The writer has long entertained the opinion 
that the assumption of any fixed relation between the weight of a rail and 
the maximum load borne by one pair of wheels passing over it, was mis- 
leading and fallacious. A simple consideration of the pressure on the 
surfaces in contact between the driving wheels of the locomotives and 
the rails will make this apparent. If the wheel and the rail were both 
inelastic, the contact would be a line, and the pressure would be infinite. 
Being elastic, however, they both vield a little, and the contact becomes 
a surface. 

Ten years ago, the writer took some pains to measure these surfaces, 
and then found them to average about } of an inch across the face of the 
rail, and about { of an inch along its length: giving an area of ,' of a 
square inch, on which a weight of 9,000 pounds will exert a pressure of 
32,000 pounds per square inch—10,000 pounds, a pressure of 35,555 


pounds per square inch, and 11,000 pounds, a pressure of 39,111 pounds 


* Appended to the Report on the Form, Weight, Manufacture and Life of Rails, LXXXVIII, 
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per square inch. These experiments have recently been repeated upon 
the Erie Railway. Those which seemed most satisfactory were made by 
jacking up simultaneously both wheels of a pair of drivers, and intro- 
ducing between them and the rails a sheet of thin tissue paper, underlaid 
by a black sheet of thin manifold copying paper. By lowering the 
Wheels upon the paper, and allowing their fall weight to rest thereon, a 
very good impression of the surfaces in contact was obtained. 

In the following Table the pressures are staiic, and as ordinary wrought- 
iron begins to crush at about 38,000 to 40,000 pounds to the square inch, 
the weights noted, when put into motion are pretty sure to smash down any 
material so soft as ordinary bar iron. While the maximum weight on the 
wheels, therefore, should undoubtedly govern the hardness of the material 
in the head of the rail, it has no relation to the « ight of the rail, except 
so far as this results from its Hecessary form wnd proportion as a givder 
to carry and distribute the weight to the supports, and this again is 


modified the distance these mav be spaced 


‘ ( het 
No. of = Diamet Weighton Position Condition of Area Pressure per 
f 
in V w! contact. square inch, 
lipression 
t Pound i inel Pounds 
SS ) i} Right W 15 85.001 
11.358 I Newly t 4 1.128 
‘ Lett t ) ) 
If t premises ure correct, folio f weight to 
iron rail, sulleientiy sti Would miv ensure 
ts more pick cle i OV i { lv vnder 
the wheel, and perhaps by preventing such slig ms between the 
supports, us Is found adnuussible im practice, and whicu by curving the 
i 
rail to some assimilation with the wheel, probably increases slightly the 
rhe ex t on engine 402 was made by substitut thin bunk-note paper for the 


issue paper, and that on engine 384 by wetting the r: mind the area in contact with the 
wheel with a solution of sulphate of copper. The 


wheel, left a 


t deposited on the rail and 
es had been in contact. Neither 


ght spot of iron untoached where the 


#f the latter experiments were decmed as satisfactory as those with tissue paper. 
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areas in contact, and so diminishes the intensity of the crushing pres- 
sures. Hence we find that in many cases, some light shallow rails, with 
hard material in the head, thoroughly welded, have greatly outworn much 
heavier iron rails, under the same traffic. Henes, also, railroads with a 
heavy traffic, requiring powerful locomotives, with 11.000 to 12,000 
pounds per wheel, in order to haul maximum trains and keep down the 
expenses of their train service, really cannot aiford to lay any but steel 
rails in their main tracks. Railroads with a moderate traffic, which can- 
not as vet afford to buy steel rails, and have from 10.000 to 11,000 pounds 
on their engine wheels, should stipulate for the hardest iron it is possible 


to place in the heads of their rails, with a dae reward to Theet welding; 


while the lou lieht bustuess would actu ills lit mere profitable 
to seli eny | ’ Ives with more than 10.000 pounds per wheel, than to 
vet rcrush and destroy the iron rails wow in their tracks, be- 
fore the erowth of th nuntry rommimerative business. 
It is therefore sugeestod, as of more pres ine inportince to many of 
our American railrouds, that they shonld presently proportion their 
of inachinery to the rails now laying upon them, than to endeavor to adapt 
the rails to the machinery. In the buildin f new roads, weight 
and character of the rails have } 1 verne | by financial her than 
truly economien! cousideration tlwaty idents and directors lave 
constlted the trea rather than th latter should 
Tie) ene vo i tia prop not to 
exert sti on the rail 


clo will ‘ ‘ ne of 
thre t thy \ this 
period arrives, if would be mistake to oppo in the 
Wels 1 locomotives to conform with n rate practice, which then 
becomes both nece and economical 
When this occurs, however, the weight upon the driving wheels should 
govern the maferia/ in the rail, rather than its fade. and endeavors 
should be directed to the selection of the best m ials and proportions 


for the second set of rails, whether of steel or of ivon. instead of looking 
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to a mere increase of weight, which as herein before stated, may become 
a positive detriment. The weight of the rail will result from its form 
and depth, and it should be designed as a girder or beam resting upon 
several supports, so as best to carry and distribute the loads on the 
wheels. The distance apart of the ties or supports, will be governed by 
their cost, by the depth assumed for the rail, by convenience in tamping 
and repairs, as well as by the character of the soil. of the machinery and 
of the traffic. It may be stated in general terms, that the best practice 
in this country seems to point to the laying of rails 4 to 4) inches deep, 
weighing from 56 to 68 pounds per yard, upon ties spaced about 2 feet 
from centre to centre. 

The following rules are therefore proposed as a substitute for that tix- 
ing the weight of rails as a multiple of the maximum weight mpon a 
driving wheel. 

Ist. Rails are to be designed as girders resting apon several supports, 
on the same principle, and from the same general data as those now 
applied to bridges. 

2d. Where locomotive driving wheels are loaded to 11,000 pounds or 
over, the rails should be of steel. 

3d. When from any cause it is not possible to provide steel rails for 
such weights, the material in the heads of iron rails, should be the hard- 
est it is possible to weld thoroughly to the body of the rail. 

THe Breakine or Tron Raits.—Sutticient attention has probably not 
been given to the age of iron rails, or rather to the amount of traftic which 
has passed over them as affecting their liability to fracture in cold 
weather. 

Some years ago, the writer was in charge of the maintenance of way 
on a prominent Western railroad. About 71 miles of this, had been lad 
in 1854, with an English rail of about 58 pounds weight per yard. It 
was pear headed, and laid with wrought-iron chairs upon joint ties. 
During the winter of 1864-5, these rails which had hitherto proved amply 
strong for the traffic and machinery, began to break under the trains, 
and some 300 of them snapped upon this division during the continuance 
of the cold weather. This breaking ceased when spring returned, and 
during the ensuing summer and autumn, few or no breakages occurred. 

The condition of the track, already much improved, compared with 
what it had been in former years, was still made better during the work- 


ing season. About 15 miles were relaid with re-rolled iron, thus reducing 
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the amount of old rails npon this portion of the road to about 56 miles ; 
many new ties were putin, and great attention paid to the surfacing, 
draining and ballasting. Notwithstanding this, as soon as cold weather 
set in. during the winter of 1865-6, the rails began to break under the 
trains at a most alarming rate. Sometimes from 50 to L00 rails would be 
reported broken of a night, and about 3.400 rails snapped upon this 56 
niles during the continuance of the cold weather. As most of these rails 
were IS feet long, this amounted to about 5) miles of track, or over 10 
per cent. of the whole. 

Inunediate measures were taken to guard the safety of the trains. 
Passenger trains were slowed to a speed of 20 miles per hour, and freight 
trains to 12 miles per hour, over this dangerous portion of the line. It 
was divided into patrols from three-fourths to one mile in length, and 
watchmen were put on night and day, to walk over the track after every 
train, to look out for broken rails, while the section gangs were held in 
readiness at all times to repair or replace any breakages. These mainly 
occurred over the shoulder ties, or those next to the joints, and about 20 
to 24 inches from the end of the rail, although sometimes the rail broke 
into three or four pieces under the train. The precautions taken proved 
so effectual, that after they were adopted, only 22 trains went off the 
track (of which but one was a passenger train) on this portion of the 
road, and in every case the trains were thrown off by rails which broke 
under them. 

The process seemed to be as follows ; the rails broke under the engine, 
but this almost invariably passed over in safety, the car-wheels then suc- 
cessively loosened the broken piece of rail, until one of them threw it 
out of line, when the next wheel would go off the track, and the train 
would be wrecked, generally towards its rear end. In the vast majority 
of instances (say 5,490 to 22) the broken pieces of rails were not thrown out 
of the track by the train which had broken them, or if so, only dropped 
out of line after the last ear had passed, and were soon thereafter found 
by the watchmen, when a new rail would be put in, or the pieces secured 
in place, so that the next train, which was flagged, could proceed in safety. 

Most of the breakages occurred when the weather moderated after a 
very cold snap. A comparatively mild night, after two or three days of 
intense cold, always showed a large increased number of broken rails in 
the daily reports of the watchmen. An increase was also shown when 


the weather turned from mild to cold, the predisposing cause seeming 
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to be a change in the temperature, and consequently in the internal 
strains of the rails. As spring and warmth returned, the rails gradually 
ceased to break. It is almost needless to say, that during the succeeding 
season, the whole of that 56 miles of track was relaid with new rails. 

Incredible as this experience may seem, it is believed not to be sin- 
gular. It is within the personal knowledge of the writer, that an engine 
without a train, with a flat driving-wheel, broke no less than 163 rails, 
upon another Western railroad in running 30 miles, without getting off 
the track herself, and that some lines have recently had an experience 
very similar to that above described, as to the numbers of breakages. 

It seems certain that after rails have been run over, either a certain 
number of times or of years, they become much more brittle, and likely 
to break off square without warning. They may have proved to be suffi- 
ciently strong during the first few years after which they were laid, and 
then suddenly develop increased brittleness, and break in large num- 
bers under the same class of rolling stock, and the same conditions of 
working as those which they have successfully withstood during previous 
winters. This has been partially counteracted on some lines by anneal- 
ing repaired rails. For this purpose they have been roasted to a dull 
red heat, over fires made of old ties, and allowed gradually to cool, but 
the results have not been sufficiently satisfactory to warrant a continu- 
ance of the practice. 

The reader will naturally conclude that these experiences tend to con- 
firm the theories of so called granulation or crystallization of iron under 
severe strains. That a very great reduction of its tensile strength takes 
place under repeated and severe vibrations is abundantly proved, but an 
inspection of the fractures of these rails did not lead to the belief that 
any process at all analogous to crystallization had taken place. A minute 
examination of the foot of the broken rails rather conveyed the im- 
pression of bright broken threads, while the heads presented a more 
granular appearance. If we consider that in the operation of rolling, 
the original grains of the wrought-iron were gradually lengthened into 
fibres, and that repeated tensions and vibrations would tend to break 
and separate some of these fibres, especially when a change of temper- 
ature had altered the internal strains in the rails, we will probably form 
very nearly an idea of what really took place. The fact that the greatest 
number broke when the weather moderated, and the general posi- 


tion of the fracture over the first tie, back from the joint, led to the 
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belief that they probably first broke by tension in the head. The latter 
having greater mass than either the foot or stem, would absorb heat and. 
expand more slowly, and therefore would be in greater initial tension, 
especially in the night when the counteracting effect of the sun’s rays 
would not be present. A rail being substantially a continuous beam 
resting upon a number of ‘supports, would, on the passage of a load, 
have its top strained in compression between the points of contrary 
flexure between the ties and in tension over the supports. Hence the 
breaking over the shoulder ties upon a slight yielding of the joint. 

If this theory be correct, it follows that not only must care be exer- 
cised in obtaining a hard quality of material for the head of iron rails, 
in order to resist crushing, that this material must weld perfectly to the 
the plates beneath it to avoid lamination, but also that it must be strong 
iron and sufficiently worked to develop tensible strength, in order that 
the rail shall not become brittle in using. Curiously enough, the rails 
which have proved most liable to fracture within the experience of the 
writer have been of comparatively heavy section, and generally pear- 
headed. The most brittle he has ever known were a lot weighing 72 
pounds per yard, originally laid upon the Portage Railroad of Pennsyl- 
vania and transferred to a Western line. 

The re-rolled rails made from those taken up on the 56 miles which 
have been alluded to, never broke. They had a very great surplus of 
strength, but they proved so soft that they were crushed to pieces in 3 
or 4 years, while the original stock from which they were made had 
lasted from 10 to 11 years in the same track. In this latter case they 
evidently had been worked too much and tensile strength had been 
developed at the expense of hardness, so that the rails were no longer 


able to resist the crushing pressures of the driving wheels. 
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THE FAILURE OF THE DAM ON MILL RIVUR, 


A Report by James B. Francis, C. E., THroporre G. C. E., 
and E. Worrnen, C. Members of the Society. 


Aporrep June 


The Committee appointed by the Socicty to examine and report upon 
the failure, on May 16th last, of the dam on Mill river, have attended to 
the duty assigned them and present the following report : 

The dam is situated in the town of Williamsburg, Hampshire County, 
Mass., on a branch of Mill river, a small stream entering the Connect- 
icut river at Northampton. It was built in 1865 by the Williamsburg 
Reservoir Company, a corporation chartered for the purpose, the stock 
in which is held by the manufacturers whose mills are situated on the 
stream below; the reservoir being built for the purpose of affording 
them a larger supply of water during the dry season. 

The dam is between 500 and 600 feet long, and about 45 feet high at 
the highest point near the centre, diminishing to nothing at the ends, 
forming 2 reservoir, when filled, in the valley above it, of an area of 111 
acres, With an average depth of about 20 feet. At the time of the failure, 
the water was about 4 feet below the top of the embankment,—not an un- 
usual height at this season.-—and within a few months it has been at least 
«x foot higher. The failure took place between 7 and 8 o'clock on the 
morning of May 16th last. when probably three-quarters of the contents 
of the reservoir escaped in about 20 minutes, or at the rate of about 
60,000 cubic feet per second, destroying in its course through the steep 
and narrow valley below, 143 lives, and property to the amount of more 
than $1,000,000. 

The dam consists of an earthen embankment with a longitudinal wall 
of stone and cement through its centre, a waste-way 33 feet wide in the 
natural ground at one end of the embankment, and a 16-inch pipe through 
the embankment and wall at the lowest point for the discharge of the 
water as wanted for use at the mills below. 


Two or three plans for a dam at this point were prepared, and reject- 


ed by the company, on the ground of their cost; one of them by the late 


Mr. Stewart S. Chase, Member of the Society. The plan adopted, or 
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rather the specifications (for it does not appear that any plan was drawn), 
were prepared by Mr. Lucius Fenn, Civil Engineer, now of New Britain, 
Conn., who, according to the evidence reported to have been given by 
him at the coroner's inquest, chums to have written them under the di- 
rection of the Directors, —** he acted only as the attorney of the com- 
pany in drawing up the specifications. ” 

The work was done by Wells and Bassett, contractors. A paper, em- 
hbodying contract and specifications was prepared and acted under, but 
not signed on account of some misunderstanding. This paper was pro- 
duced at the inquest, and provides for an embankment 43 feet high above 
the original bed of the stream, 16 feet in width at the top, with slopes on 
each side of one and a half to one, and for ‘fa good rubble wall through 
“the centre of the dam, longitudinal therewith, the top to be 42 feet 
“above the original bed of the stream on the centre line of the dam, to 

be 2 feet thick, uniformly level, and increase in thickness downwards 
“with a bater one inch per foot, making the thickness at 45 feet from 
“the top. 5 feet inches. The whole wall to be well banded, laid in a 
“substantial and workmanlike manner, and except from 10 to 15 feet 
from top downward, to be well grouted with the best of hydraulic lime 
“and sand. From the top downward, 10 or 15 feet (the exact distance 
“option: with the committee) may be laid in mortar with 25 per cent. 
“Sof quick lime mixed with 75 per cent. of hydraulic lime, instead of 
*heing grouted.” 

~The said Wells and Bassett agree to clear and remove from the 
‘“eround under the whole embankment all perishable materials, such as 
“trees, stumps, roots. and also to remove all sods, muck, and everything 
“of that character, the whole length of the embankment, for a distance 
of 30 feet each side of the centre wall under the highest part of the 
‘embankment, and x proportionate width where the bank is of less 
“height. It is agreed and understood that the top of the embankment 
“when finished is to be 43 feet above the original bed of the stream on 
**the centre line of said dam, to slope uniformly at the rate of one and 
‘one-half feet base to one foot rise on each side, to be 16 feet wide on 
“top. and level from one end to the other. It is also understood that all 
* perishable material, of whatever nature, is to be excluded, and the dam 
**to be built wholly of earth and masonry, the earth to be placed in thin 
*Jayvers, wet and tumped or beaten with a maul for a distance of 5 feet 
“each side of the centre wall. The whole embankment to be built in 
layers not exceeding 5 feet each in thickness, and made as solid as pos- 
“sible. At no time during the progress of the work, is the earth to be 
‘less than one and a half feet below the top of the masonry until the 
** wall is finished.” 

‘For foundations of masonry, the said Wells and Bassett further 
‘agree to dig trenches 3 feet deep, or of sufficient depth to give a firm, 
**hard and secure bottom for the masonry to rest upon, and which will 


** not allow the masonry to settle.” 
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The contract also provides that ‘said dam be located in such 
** place as the said committee shall direct, all to be done in a thorough 
‘and workmanlike manner, and in all respects in strict conformity with 
‘the directions, plans and specifications, and to the acceptance of the 
* said committee, or the superintendent employed by the said committee 
‘to take charge of the work.” 

On a personal examination of the site and remains of the dam, we 
find that the bottom is a very compact hard-pan, overlaid by about 2 feet 
of coarse gravel and a few inches of soil. The hurd-pan appears to be 
impervious to water, or as nearly so as any soil can well be, and at the 
breach is but slightly washed, except near the discharge pipe, where 
there is a gully several feet in depth, which may, however, be due in 
part to the former action of the brook. The gravel overlaying the hard- 
pan is washed and porous. A small spring is now to be seen coming out 
from under the remains of the embankment above the centre wall, which 
is evidently superficial and from the gravel. The embankment is formed 
of gravel similar to that above described, but containing a little loam. 
It was taken from the side of the hill just above the dam. It has scarce- 
ly anything binding in its character, and is not capable of being made 
into a puddle which would stop the percolation of water. 

From the character of the bottom and the material available for the 
embankment, it is obvious that the chief reliance for retaining the water 
must be in the cement wall and the complete union of its base with the 
hard-pan ; the main oftice of the embankment being to support and pro- 
tect the wall. It will be seen from the above quotation from the speci- 
fications that nothing more was required than ‘trenches 3 feet deep, or of 
‘sufficient depth to give a firm, hard and secure bottom for the masonry 
**to rest upon, and which will not allow the masonry to settle ;” the in- 
tention evidently being only to secure a foundation sufficient to prevent 
settling, as if fora building or bridge abutment, totally ignoring the vital 
function of the cement wall, by not adopting means to prevent the pas- 
sage of the water under it. It was undoubtedly expected that the em- 
bankment would prevent the water in the reservoir from reaching the 
base of the wall, and to make this sure, the specifications provide ‘‘ the 
‘earth to be placed in thin layers, wet and tamped or beaten with a maul 
**for a distance of 5 feet each side of the centre wall.” Supposing this to 
have been done as perfectly as possible with the material, what security 
could it give against a pressure of 40 feet head of water? The remainder 


of the embankment on the up-stream side, being built in layers of this 


porous material, of 5 feet in thickness, could evidently not be depended 
on to supply the deficiency. 
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The water in the reservoir, we are informed, was always very clear, as 
might be inferred from the character of the water-shed which, as far as 
observed, consists of steep rocky pasture and woodland. ‘There would 
consequently be very little deposit of sediment on the embankmemt, 
which might otherwise in time have rendered it water-tight. 

The specifications are also defective in providing for slopes of only 
one and a half to one. They should be at least two to one on the 
outside and two and a half to one on the inside. Another defect is in 
providing for a height of the embankment only 2 feet above the top of 
the centre wall. The height should be sufficient to protect the wall 
completely from frost, which in this climate requires 5 feet of earth at 
least. If the earth becomes frozen to the wall, it is liable to heave and 
fracture it. We do not describe the discharge pipe and waste-way, as 
the failure in the dam appears to be unconnected with them. 

In the construction of the work by the contractors, it appears that 
there was no sufficient inspection, so peculiarly important in a work of 
this description, and during great part of the time none at all, except by 
the Directors of the Company or their building committee, during their 
occasional visits. The remains of the dam indicate defects of workman- 
ship of the grossest character. The bottom of the wall does not in all 
cases even rest upon the hard-pan. It was in evidence at the inquest 
that the wall was laid up dry and grouted 5 feet high at atime. The grout- 
ing has not completely filled the cavities, and the quality of the mortar is, 
some of it, very bad,—as might be expected from this mode of building. 

The soil and porous gravel were only partially removed from the base 
of the embankment for 30 feet on each side of the centre wall, as re- 
quired by the specifications, 

[t is probably not possible to ascertain with certainty the immediate 
cause of the failure, but from the evidence obtained, we can come to no 
other conclusion than that the water found its way under the wall ata 
point about 100 feet from the discharge pipe, causing a slip in the em- 
bankment on the down-stream side of the centre wall, which, being then 
unsupported, yielded to the pressure on the upper side, and falling over, 
made a breach which was rapidly enlarged by the wasting away of the 
embankment and the fall of other parts of the wall. 

It may be asked, if this was the immediate cause, why did it not hap- 
pen before, when the reservoir was at a higher level ? The answer, we 
think would be, that there has been a gradual working out of the gravel 


under and near the wall, and loose places or cavities formed which, when 
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they had attained a certain development, would suddenly lead to the 
failure. 

The Committee understand that the principal object of their appoint- 
ment to report on this matter was to study it as an engineering work, it 
being conceded that usually more is to be learned from one failure than 
many successes ; but itis obvious that this cannot be called an engi- 
neering work. No engineer, or person calling himself such, can be held 
responsible for either its design or exccution. 

According to the evidence reported, it must be considered as the work 
of non-professional persons. This being the case, the Committee do not 
think it devolves upon them or the Society to criticise its design or exe- 
eution. The causes of a failure attended with such disastrous conse- 
quences cannot fail to be interesting to the members of the Society, 
and we have endeavored to point them out. 

Mr. Worrues.* —The man in charge of the dam first saw 
a slide of earth on the low-water side ; immediately the gate was opened 
to release the water: while doing this another slide occurred, and in 
about thirty minutes the whole thing was on the move. The probability 
is that for years there had been some percolation through the embank- 
ment at this place, and when the earth gave way, the wall was left to 
withstand the pressure, and gave way also. 

The work was poor unquestionably, but not so bad as it might be. 
The contractor was paid 36) forthe masonry, and 33 cents for the filling 
in. The whole sum paid him at first was from $22,000 to 524,000, of 
which he testified he made 36,000 profit ; the County Commissioners 
then obliged him to spend S10,000 more : then a work cost from 332,000 
to 334,000, which might have been well done for 315,000. 

The result is this : the company paid towards the educating of that 
contractor at least $15,000, to which is now to be added at least 31,000,000 
for damages caused by the failure. Men were employed who were 
ignorant of the work to be done. and there was nothing like an in- 
spection, although money and life depended upon it. [do not believe, 
however much we are an evolved species, that we are derived from 
beavers ; a man cannot make « dam by instinct or intuition. 

* Referring to a model in clay, gave a description of the dam before and after the faiture, 


exhibited specimens of the rock and cement of which it was made, and of the hard-pan soil 
adjacent. 


RESISTANCE OF BEAMS TO PLEXURE, 
A Paper by Joun G. Barnanp, U.S. Engineer Corps, Honorary 
Member of the Society. 


Reap June 10th, 1874.* 


I. Inevery bent beam, the compressed fibre and the stretched fibre, 
situated at units’ distance from the neutral zone, develop clastic reactions 
always in the same ratio as the final resistances of the material to rupture 
by compression and extension. 

IT. The final resistances to instantaneous rupture developed by flexure, 
whether in consequence of compression or of extension, are essentially 
identical with those developed by direct compression or extension. 

LLL. Experience and theory united, lead us to admit that the elastic 
reactions always vary in proportion to the load which produces flexion— 
even when the load increases from that which is sufficient to overcome 
the permanent elasticity of the material, to that capable of producing in- 
stantaneous rupture. 

IV. The formula of Narier ave, therefore, perfectly applicable, even 
up to the case of this last mentioned rupture. 

Hence, as a consequence, the hypothesis that in every bent beam, the 
compressed and the stretched fibres situated at units’ distance from the 
neutral zone, develop elastic reactions which are in the same ratio as the 
final resistances of the material to instantaneous rupture by compression 
and extension : 

Ist. Explains all the phenomena ascertained by experience, of the 
resistance to complete and instantaneous rupture of straight beams sub- 


mitted to tlexure. 


* An abstract of a paper on Resistance of Materials, by M. Decomble, Fngineer of Ponts et 
Chaussées (Journal des Ponts et Chaussées, February, 1872 , with comments. 
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2d. Enables us to determine, in all circumstances, the exact value of 
the co-eflicients of resistance to rupture by compression and by exten- 
sion ; and, moreover, to determine the corresponding resistance of which a 
beam iscapable, of which the form and the co-efticients belonging to the 
material of which it is made, are given. 

3d. Is in complete harmony with practice (which allows the lowling of 
beams (by dead weights), up to producing one-third the resistance to in- 
stantaneous rupture of certain materiads), and with the delicate experi- 
ments of Wertheim and other experimenters, which demonstrate most 
clearly that the smallest loads induce #® permanent deformation of the 
material and a consequent impairing of its elasticivy, that the material 


mav be sail to PUSsess TS elastic conditions as the different londs 


to which it may be subjected, up to a certain (not to be ncecurately 
detined) linut, iy yond which, subject ds to support the weights corre- 
sponding, it ruptures in an inappreciable time; or, more explicitly, every 
load, lowes small. evenal it be but the weight of the leam itself, is 
odu piu the iLis sufficiently prolonged, 
i \ Va lapse of cen- 
turies i read ! ihe 
SLOUS { i 
\\ i kk it 
l for com- 

‘ ti first upon 
the ) its i l the opp e vy nd 
equ Lloads applied to the middle p in the two cases the detlections 
will be equal 

The author then goes into matical exposition of the case in 
hand. assuming and to be the m of clasticity for compres- 


sion and extension, and finds that the laypothesis of equality for these 
two quantities ¢ xplains the phenomenon of equal deflections, the neutral 
axis being, under that hypothesis, the locus ot the centres of gravity of 
the cross sections. But, for the reasons assigned, he observes that 
though the hypothesis ot Ey Ky harmonizes with, and explains the 


phenomenon observed, it is not probably essen/ia/ to its explanation. 


He then takes up the mathematical discussion again, and shows that 


if Ry, and Ry are the tinal resistances to compression and extension of 
the material, and, if in addition, the compressed and extended fibres at 
equal distances from the neutral zone, develop clastic efforts which are 
in the sume proportion as Ry and R., the phenomenon of equal detlee- 
tions (or equal seg for the different positions of the beam of trian- 
evular section) is equally well accounted for, as by the hypothesis 
EB By, which latter, the author asserts to be radically discordant 
“with all the phenomenon which practical coustrnetion is most impera- 
tively called upon to take wecount of.” 


And he goes on to say: ‘In other words. # I. corresponds, 
simply to a particular case of the general probl bbs ad case rarely, per- 
hiiapos never, encountered in practice. Hence we set aside this supposition 
of which in all that 


concerns the engineer, has no practical 
realization, and t! ormue of Naiver, grounded on the moditied hypo- 


thesis, become completes upplicable, even up tothe fasta of 


OUS rupture, 


Moreover, from Navier’s formulke, properly applied, the 


values of Ry wid R. can determined for rial experime it 


with breaking beams of the material.’ 


The author proceeds to deseribe the actual pplication to the deter- 
mination of Ry, and P., the prope dn thay stones, 
covering aqueduct), and concludes with the 

It is toh that t} introduetion. inte the known formule. 
of fro co-eflicients—to resistance to rupture by compressio ul exten- 
tom, fa nd instead of the single co-ceflicient, stvled *of resistance 
to Sim ne clk e th proce ol he le il ordina- 
rily practised by « consid 
in winner eminently useful 

remark, in nhection thou itmev be Deplied from what 
lias | wd mat | just mentioned, involves 

osition o ‘ iti oue not miteind he con of eravity 

neal, ‘ ) irom he forces acting across 
hor i terived. except ol the coumpression 
nel extension ib | clined to maint t resistin 
pture materialh | lue to the co-cflicient of clastic 
senleulated bb nitially i Nzvier’s 
cannot ii tol by with Hodeki mm) that the 
netitral Zone does not coimeide with the centre of gravitv; and hence, 


wit +] + ++ +; 
WITHOUT Davine an opportunity OL investigating the grounds of Barlow’s 


theory, Tam inclined to think it untenable. 
Indeed, no one can have had occasion to use the received formula 


derived from Navier, and which, in its ordinary form, involves the loca- 


tion of the neutral zone as containing the centre of gravity and a single 
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co-efficient, derived from the tensile strength alone, without perceiving 
that it gives Inconsistent and unreliable results. In facet, it is founded 
upon two assumptions—-both at variance with the results of experiment— 
first, the constancy of the co-efficient of elasticity (under all degrees of 
strain), and second, the identity of that co-efficient for compression and 
extension. 

In Morin’s Table (page 8, ** Resistance des Matériaux”) the co-efficient 
of extension for wrought-iron is, near rupture, but about ood of what it is 
for slight tensile strains: and from the experiments* made by myself upon 
very large forged iron beams,+ the deduced co-efticient of elasticity varies 
from 9.598.000 to 1.482.000 pounds, according as the beam is shightly 
bent or bent to the point of rupture. 

Another forged beam, of identical dimensions, broke with a flexure 
of but one-third of that the tirst had undergone, and yet the calculated 
tensile strength was almost identical in the two cases : while the trial 
by direct rupture, in the testing machine at the West Point Foundry. 
gave results 20 and 15 per cent. smaller. 

Cast-iron beans of identical dimensions were then experimented with. 
Of course, their flexure before rupture was but trifling compared with 
that of the wrought-iron beams, and the two observations of flexure, 
made between the application of force and rupture, gave almost identical 
co-efficients of elasticity. Nevertheless, specimens of the beam gave in 
the testing machine, a tensile strength of only two-thirds that deduced 
from calculation founded on the results of flexure. 

It is clear enough, therefore, that the Navier formula, in the form in 
which we universally find it in our engineering books of reference, is very 
unreliable. 

If, therefore, by discarding a co-efficient, founded upon an imaginary 
co-efficient of elasticity, and the introduction of distinct and independ- 
ent factors, symbolic of resistance to rupture by compression and exten- 
sion, it is shown that the Navier formula can be made reliable, an 
important service has been rendered to engineering science. 

[have not been able to give the time necessary to such study of the 
papers of M. Decomble as would authorize me to do more than quote 
(as T have done) his general results and invite attention to the papers, 

* The experiment was upon forged beams, of 12 by 15 inches cross section, which had 


been made for an iron target, at Fort Monroa in 1868. The beams were subjected to thi 
action of the hydraulic press for bending armor plates, at the Brooklyn Navy Yard. 


t Vide XIV, * Transactions,” “ Experiments on the Front or Shield of the experimental 
Casemate at Fort Monroc.”” 
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which will be found in ths Annies des Ponts et Chaussées, 1857, 1867 
and 1872, from which last issue [have translated the results quoted. 

Mr. De Votson Woop :—This is a paper which requires much thought 
to make it profitable. One or two points mentioned therein have oc- 
cupied my mind more or less. The writer refers to some experiments 
and theories of Barlow ; that the formula for rupture deduced from 
these, does not give results consistent with fact when a beam is strained 
to the point of breaking, has been long known. Barlow attempted to 
explain this by introducing the theory of longitudinal flexure.” After 
mature deliberation, [am satistied his explanation does not meet the 
case, and that his theory is decidedly at fault. The cause of the discrep- 
aney, T believe, will be found in the statement that the neutral axis 
does not coincide with the centre of gravity. Prof. Norton made 
some experiments in regard to tlexmre, in which he introduced the theory 
of * transverse shearing’—but this is not sufficient. ‘The elements re- 
ferred to by the French engineer quoted, T have considered somewhat, 
without knowing tha’ he was investigating them, bat | am not sure that 
the hypothesis numed will acconnt for the discrepancies in Barlow's 
theories. 

The tensile strength of cast-iron is one-half to two-thirds the modulus 
of rupture, which agrees with the experiments of Barlow and the ratios 
obtained from the many experiments made. 

Mr. Barxarp.—In this paper [ have referred to one read by me be- 
fore the Society®, giving an account of experiments on an iron target for 
the front of a casemate at Fort Monroe.+ This target resisted, without 
actually giving way, quite a number of shots, and among them one of the 
most powerful that up to that time had ever been fired. ‘To my surprise, 
one of the first, and not a very heavy shot, cracked a beam in two, and 
some of the others were broken, all showing a marked crystalline fracture. 

It was desirable to know what these beams would resist under pres- 
sure —and they were tested in a hydraulic press, the strain being applied 
in the centre between two supports 6 feet apart. The first beam de- 
tlected 3 inches before breaking ; the consequent extension and compres- 
sion of the outer fibres was remarkable, the former approximating what 
Morin has given for small wire. Before the trial the beam was straight 

* Febrnary 2d, 1870. XIV; Transactions, 

| The target was composed of two 12-inch wrought iron plates, 4 feet broad, one on each 
side of the embrasure, each plate being supported on the back by two vertical wrought iron 


posts or beams, 12 by 15 inches, which were bolted to the plates, and stepped above and below 
into granite masonry. 
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and of rectangular section; after fracture, the broken section was three- 
fourths inch narrower at the bottom than at the top, and for about 12 
inches, the beam was bent to the curve of flexure. Tt is evident -rom the 
change of transverse section, and consequently of the location of its 
centre of gravity, that there was also a change in the ventral zone. The 
fracture was decidedly crystalline, the crystals being somewhat smaller 
than exhibited by the beams broken by shot. 

It is almost certain that the beams, fractured by shot, did not re- 
sist anything like so much as those under the press. In the first case, 
there was no apparent set, although the material was the best forged 
charcoal iron, and without a sign of tlaw or crack. 

This seems to be the only experiment in which very large forgings have 
heen broken by inypact and pressure. 

Mx. Ronerr H. Tavrston.—It is singular, this difference in the 
effect, whether a fracture is caused quickly or slowly. The velocity of 
the shot, at the time of impact, must have been so great, that the period 
of breaking the beams was exceedingly brief. It has been shown that a 
rapidity of fracture changes the nature of the material, wid decreases its 


powers of resistance. 
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XCIL, 


DRAW-SPANS AND THEIR TURN-TABLES, 
A Paper by C. SHater Smita, C. E., Member of the Society. 


Reap June 1l0rn, 1874. 


In presenting a paper on the above, the writer feels it his duty to 
state in the outset that much of what follows is intended for the ** non- 
specialist * members of the Society, and is in answer to numerous letters 
of enquiry concerning these subjects. 

Draw-Spans, as usually constructed, may be divided into two classes; 
the suspended girder or ** hog-chain draw,” and the continuous girder 
co cantilever draw.” 

In the suspended girder type, there are two ordinary spans, ‘one over 
each opening or bay, these spans being supported at the outer ends by 
suspension chains running back to a central tower resting on the turn- 
table. The outer ends of these suspension chains may be attached to 
either the upper or lower chord of the trusses. The strains in this form 
of draw-span are simple and unambiguous. Each girder is proportioned 
as for an ordinary fixed span, and—if the suspension chains are attached 
to the upper chord—the chains and tower will only have the easily 
defined strains arising from the weight of the suspended spans to resist 
while rotating, and this condition is not changed unfavorably when the 
bridge is in place and loaded, as the upper chord is shortened by the 
action of the load, and this relieves the tension on the chains. Lf, how- 
ever, the suspension chains are attached to the lower chord—a member 
Which elongates under the effects of a load—each will resist this 
elongation in proportion to the angle formed by chain and chord, 
modified by the elevation given to the ends, and the relative sectional 
areas of the chain and the tensile members of the lower chord. the 
middle section of the latter being taken as a factor in the calenlation. 
After computing the additional stress in a chain, caused by this action 


of the lower chord, the former must be increased in section to meet it, 
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and the latter may be decreased to the same amount in its tensile mem- 
bers. In point of economy the suspended girder draws, if properly pro- 
portioned, are equal to the continuous girders up to abont 280 feet total 
length, and they are more easily constructed and erected. 

The continuous girder draw is now the favorite type in this country, 
and has been constructed in spans of a constantly increasing length. 
until at the Louisiana bridge one has been built 442 feet over all. The 
earlier bridges of this character were proportioned on the hypothesis 
that when opened, the truss was a beam supported at the middle. and 
when closed, it was resolved into two independent fixed spans. In prac- 
tice, these conditions are very difficult of fulfillment. especially in the 
cases of large spans, as the following will illustrate. For the assump- 
tion to be correct. it is necessary that with both spans fully loaded, 
there should be no tension over the centre pier. A 360 feet draw 
weighs about 700.000 pounds, wad to produce the condition required. 
it is necessary that the outer ends shall be raised until one-half 
the total weight has been elevated a distances of 6 inches (assuming the 
central depth of the draw to be one-t -nth of the total length, or 36 feet). 
To do this, requires an expenditure of force to the extent of 175.000 
foot-pounds, or the work of one man doing his best for 35 minutes. The 
cost of this work thus expended, however, is a serious objection. The 
formula for the spans when swung being common to all systems, another 
and more correct theory of calculation is to consider the bridge when 
fully loaded as a continuous beam resting on 3 supports. In this 
case, the span should be built without any allowance for camber, wand the 
jack-screws at the ends given play enough to bring the outer pier bear- 
ings to an exact level with the bearings at the centre pier. 

When a draw-span is proportioned upon this principle, the simplest 
method of obtaining the chord strains when the bridge is loaded from 
end to end, is to calculate them as for a fixed span of the same weight 
and load per panel, but this fixed span to be considered as one-third 
longer than the half span of the draw. Three-fourths of the strain in the 
middle panel of this supposititious span is the true strain over the centre 
pier of the real draw-span, and the chord strain in each separate panel is 
obtained by deducting this pier strain from each panel stress in sueces- 
sion. Thus, suppose the draw arm is a plain Pratt truss, 6 panels long. 
with single intersections, straight end posts, and ties at 45 degrees, the 


weight for one truss being 10 tous per panel. Now, to obtain the chord 


strains desired, we calculate with precisely the same data as for a fixed 
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span one-third longer, or 8 panels in length. The strains in this 
will be—panel A 35 tons, B60, Fig. 1. 
(75,and S80 tons-—and the pier 


strain will be three-fourths of SO ian. NAVY WA) 
TONS 


tons, or 6O tons. 


The panel strains will then be, in the true 6 panel truss : 


Central panel » 0 tons — 60 tons — 60 tons. 
Panel A — 2X 
i GO -60 * + OO  contratlexure. 
80 + 20 
* + OO end of truss. 


To check the pier strains as 


_ obtained above, multiply the span 


2 “ ! of draw arm by weight of same, 


and divide by 6 times the depth. 
Thus, in the case above, the draw arm is 6 panels long, one panel deep, 
6 610 
and weighs 10 tons per panel, therefore, - 6 60 tons. 

To caleulate the strains on ties and posts when the truss is fully 
loaded, one-third the distance from each end pier is to be considered the 
middle of the draw arm. To obtain the greatest counter-strains, caleu- 
late a series of strains according to the foregoing, but for the dead load 
done, pretixing to all stresses the signs plus or minus, according as they 
are compression or tension. Then compute the strains for the live load 
alone, on one span only, as for an ordinary fixed span, and add or sub- 
tract these strains to or from those of the dead load, as the like or unlike 
signs may indicate. 

Where one chord of a draw is entirely or partially covered by a floor, 
and the other is not, there is a constant variation of the elevation of the 
ends, owing to the uncovered member being much more rapidly affected 
by heat or cold than the other. So great are these changes, that the 
writer has seen a depression of afull inch take place in the ends of a draw 
360 feet long, by 9 o'clock in the morning of a day whereon a bright, 
warm sun had succeeded to a cold, frosty night. At 3 o’clock in the 
afternoon the lower chord had become of the same temperature as the 
rest of the structure, and the bridge was level again. In like manner the 


ties aud uncovered chord may lose their heat in case of a sudden cold 


2. 
one 
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spell or a sleet, much sooner than the protected chord and the posts 


(especially where these last enclose a body of warm air). 


the draw arms rise instead of drooping as before. In the first in 


the counter-strains in the chords, near the middle of the draw arm, wre 
liable to become greater than calculated on, and in the second, the 
strains over the pier may be much increased above the theoretic strains 


at that point as determined by either of the foregoing systems of com- 


putation. 


It is perfectly possible through this action of the temperature, com- 
bined with carelessness on the part of the attendants, for a train to come 
on a draw-bridge when the latter is up so high that there is practically no 
pressure on the end bearings. In this case, the pier strain is clearly that 
due to the dead load with the span swinging, plus the live load acting on 
a continuous beam supported on 3 points. 


cited, and considering 7 of the 10 tons per panel as live load, and 3 


tons as dead load. we would have 


from dead load, tons stress. 
live 
and total pier strain OG 
While, if the draw had been proportioned on the first system, the theo- 
3 6 6 
retic strain would be ; from dead load only, = o4 tons; and 
10 6 6 
if by the second system, dead and live load combined, 60 


tons stress. 


In view of these facts, the safest method of computing the stresses in 


Taking the example 


a continuous girder draw-bridge is the following : 


First, compute chords, ties and posts, for dead load alone ; and with 


the draw swung. 


Second, compute for live loads alone acting on a continuous | 


and add or subtract these strains to or from those tirst obtained. accord- 


ing as their signs agree or disagree. 


Lastly, calculate for ties and posts as per second method, but for 
live load alone, and add or subtract these strains according as they are 


main or counter stresses, to or from those strains already in these mem- 


bers, from the dead load. 


* Method given on page 131. 


In this case, 


stance 


before 
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This will give the extreme strains when both arms are loaded from 
end to end, and in case a train has come on the bridge when the ends are 
barely touching the bed-plates. 

Then compute for chords as for a continuous girder, per second 
method ; but for dead load alone, and next then calculate live load only, 
for one draw arm, treating it as a discontinuous girder. By ranging these 
two series of strains together, and adding or subtracting as the signs in- 
dicate, there will be obtained the greatest possible reverse strains on 
the chords, at a time when from the effects of temperature the bridge 
has sunk on to the end bearings, and only one draw arm is loaded. 

There will still remain some posts and ties, for which the extreme 
strains have not heen found. ‘To find these, use the ordinary formula 
for the rolling load, considered as advancing from abutment to centre 
pier, and add the strains thus obtained to those arising from the dead 
load already calculated for the same members, with the span swinging. 
Then perform the same operation, but with the load going off the bridge, 
and for each counter tie deduct the strain in the main tie in the same 
panel. This completes the work ; the figures obtaimed by each method 
for each member should then be ranged in columns, and the proportions 
made large enough to cover the greater plus and minus strains which 
ean come on any member under any of the varied conditions given in 
the foregoing. This done, the elevation given to the ends of the draw 
arms should be that due to the greatest possible rise and fall from the 
effects of temperature. 

Tury-tanLes.—Appended to this is a Table giving the results of « series 
of experiments on opening and closing 11 large draw-bridges ; of these 
rest entirely on the wheel circle, the centre-pin carrying no weight what- 
ever. In the Rock Island draw-span, the weight is mainly on the wheel 
circle, and the relative proportions being accurately known, the resist- 
ance is equated and computed as combined on the centre line of the 
wheel circle. The Arkansas bridge, however, is on a centre-pin turn- 
table, the wheel circle being intended simply as a steadying element. 
The centre-pin having settled somewhat, so that an unknown portion of 
the weight is borne by the wheel circle, it Was necessary to consider the 
whole of the resistance as concentrated first on the wheel circle, to obtain 
the co-efficient of rolling friction in the event of that assumption being 
correct, and next to ascertain its value in case the weight is all on the 


centre-pin, 


Of the draws tested, 5 had wheels of 32 inches diameter and 5 
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inches tread, one had wheels of 30 inches diameter and 14 inches tread, 
one, (the Arkansas) of 16 inches diameter and 6 inches tread, while the 
wheels of the remainder were of IS inches diameter and 6 inches 
tread. In spite of these ditferences, however, there is a marked uni- 
formity in the final co-efficient, except in the case where the strain is 
referred to the centre-pin. 

In these tests, an accurate dynamometer was attached to the capstan 
bar of the driving shaft, 5 feet from the centre of the shaft (except 
for the Arkansas draw, where it was 7 feet), and the readings carefully 
taken while the draw was opened and closed a sufficient number of 
times to ensure a correct average of the work usually expended in this 
operation. * 

Referring to the Table, 2 = multiplication of power from the end of 
a bar 5 feet long to the pitch line of rack circle and (, to the center line 
of wheels, ) = A > B = power applied at the pitch line of rack circle 
and H= A < C= resistance at the center line of wheels, each in pounds. 

The deductions drawn by the writer from these and many other ex- 
periments not here recorded (because they would render the Table too 
complicated), are : 

First, it is unnecessary to carry any part of the weight of a draw- 
span to a centre-pin, for the purpose of lessening friction, as the object 
can be readily attained without it. 

Second, for short spans, uncertain foundations, or bad masonry, the 
centre-pin turn-table is preferable, and for this centre-pin, a pair of 
plane surfaces, well oiled, and so proportioned that the weight, while 
moving, cannot exceed 800 pounds per square inch on these surfaces, 
will, in the long run, give as good practical results as any anti-friction 
arrangement that can be adopted. 

Third, in turn-tables carrying the whole weight on the wheel circle, 
as good results can be obtained from 18-inch as from 30-inch wheels, 
provided the weight per wheel is diminished in proportion. 

Fourth, the wider the tread of the wheel the greater the friction 
from imperfections of workmanship. 

Fifth, where 2 turn-tables of precisely the same pattern, and 
equally well set up, are placed, one on good and the other on poor 
masonry, there can be as much as 50° per cent. difference in the co- 


efficients of friction. 


*® The strain of the Rock Island draw was obtained from pressures on a hydraulic jack. 
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Sixth, by making the distance rim of the wheel circle vertically 
flexible, the excess of friction, due to imperfect masonry, can be 
materially diminished. 

Lastly, judging from results, the best adjustment of average weight per 
wheel is 2,000 pounds per inch of tread at 1S inches diameter of wheel, 
and increasing directly as the diameter. Thus. the maximum uverage 
weight on a wheel IS by 6 inches would be 12.000 pounds. while on a 
wheel 30 by 14 inches it should not exceed 14 2,000 2 46,066 
pounds, and on a wheel 32 by Sinches,5 2.000 'S == 17.777 pounds. 

The summary of the process of proportioning a turn-table in which 
the weight is to rest entirely on the outer wheels. is as follows. After 
adopting size and tread of wheel, adjust diameter of the table so that 
the wheels will not be overloaded. Combined with this, however, is the 
consideration that the span should rest on the cireular girder at 4 
points exactly equidistant from each other, Where possible, therefore, 
the central panel should be exactly the sume length as the width he- 
tween chord centres, andthe 4 pier posts will then rest on the table in a 
perfect square, the diagonal of this square being the diameter of the turn- 
table. Thus, suppose the distance between chord centres of the trusses 
is 16 feet, then the centre panel should also be 16 feet. and the diuueter 
of the wheel circle \ 16" the 22.627 feet. This secures absolute 
equality in the distribution of the weight. Should the weight become 
too great per wheel, or the span be too long for the diameter of the 
table as thus fixed, the wheel tread may be widened (a greater tread than 
10 inches is not advisable) or the wheel circle may be enlarged. In 
this last case, the span may be carried on cross girders, resting on the 
quadrant points. 

Assuming that the whole of the dead and live load borne by the 
centre pier, during the passage of a train, can be thrown upon 8 
of the wheels, 2 at each corner, proportion the wheels to suit this 


strain, and the sectional area of the wheel-tlange. as thus determined. 


multiplied by 1.8, will be sutticient for the ; Big. 3. 

tread sections of the base ring and the main i 

circular girder. To obtain the area of the | 
top and bottom flanges of the circular girder, wae 2 =e 

it is sufficient to consider it as unsupported a 


by the 2 wheels immediately under the main posts, and the girder as a 


beam extending from « to /,. 


In order that the load may be so distributed over all the wheels. that 
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those farthest from the points where the truss rests on the table 
shall bear while the draw is turning at least one-half of the weight 
borne by those immediately under the posts, it is necessary to shorten 
the upper flange of the table at the 4 points equidistant from the 
post feet, sufficient to give an upward spring to the girder under them 
equal to one-half the detlection due to the weight on the post, 
acting as a distributed load over a quarter segment of the girder 
considered as a straight beam, supported in the middle, and uniformly 
loaded. The weight of the span in forcing down this upward curva- 
ture transmits the proper proportion of pressure to the further wheels. 

To obtain the power required and its most economical multiplication 
for hand-power, proceed as follows: for stim of resistances at centre 
line of wheels—mu/tiply, in pounds, weight of draw-spau and main circle 
plus half the weight of wheels und spider’ frame, by T and divide hy 1,000, 
the result will be the constant of frictional resistance to be overcome at 
this point. Multiplying this’ constant by the length of a quarter seg- 
ment of the wheel circle and dividing by 10,000 will give the munber of 
minutes required for one man to open the draw. 

To obtain the most economical multiplication of power, divide this 
constant by 40 for each man intended to be used in working the draw. 

For exainple.—take a 360 feet draw-span weighing 700,000 pounds, 
diameter of table 25) feet. the constant of resistance at wheel line is. 
700,000 7 4.900 20 


— 4,900 pounds and 10.000 


minutes are re- 
1.000 minutes «ure re 


quired for one man to open or shut the draw. 4 men can open it in 2) 


4,900 
minutes, and the multiplication of power should be 1 49 — 30.6; or if 
only 2 men can be afforded, the time of opening will become 5 
minutes, and the multiplication of power , yy ~ OL2. Where steam 


is to be used, the gearing should be caleulated for a piston speed of 
200 feet per minute, with 50 pounds pressure in the eylinder. 

In designing a centre-pin turn-table, the weight may be carried in to 
the pin, either by a single eross girder, a suspended cirenlar or square 
girder frame, or by either of these last resting on struts instead of being 
carried by rods. In either case, however, there should be a circle of 
steadving or trailing wheels, in order to keep the span level while turn- 
ing, and this circle should have about the same diameter as would be 


required for a wheel-bearing table, as it is tolerably certain that sooner 
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or later the wheel circle will carry a large portion of the we zht. The 
bearing surface of the centre-pin should be so large that the weight of 
draw and circular girder will not be sufficient to grind out the unguent 
while rotating, or in other words should not exceed 800 pounds per 
square inch. 

To obtain the frictional resistance at circumference of centre-pin, mul- 
tiply, in pounds, weight of span and cireular girder plus half weight of 
wheels and spider frame, by 90 and divide by 1,000. 

To obtain the time required for one man to open the draw, multiply 
the constant thus found, by one-fourth the circumference of the centre- 
pin and divide by 10,000. 

The most economical multiplication of power is obtained as before, 
by dividing the frictional resistance by 40, for each man to be employed, 

To illustrate—taking the same case as before, of a draw weighing 
700,000 


700,000 pounds, we have 
Vo 


-TSd4 33 inches for diameter of 
700,000 90 


centre-pin; and for frictional constant, 1,000 


63,000 pounds. 


One-fourth the circumferential distance is 25.9 inches, or 2.16 feet; there- 
63,000 2.16 

fore, — To.000 13.6 minutes are required for one man to open the 

63,000 
4 


multiplication of power. Multiplying to 40 by means of gearing, the 


draw, and, taking 4 men as before, 400 per cent. is the proper 


diameter of the rack circle to give the necessary leverage should be 27! 
feet, and that this diameter is the same as required for the 25) feet 
wheel-bearing table, previously calenlated, is evidence that the power is 
sufficient for the weight, whether carried on the centre-pin or trans- 
ferred to the trailing wheels by the settlement of the centre. 

Where the foundations are bad, it is advisable to use a combination of 
the two systems with an adjustment by which a greater or less propor- 
tion of weight may be transferred from the wheels to the pin, or rice 
rersa; some of the finest turn-tables in this country are built upon this 
principle. ° 

In conclusion, the writer deems it proper to state in reference to the 
three methods of proportioning draw-spans mentioned, that while the 
last is undoubtedly the most correct and the safest, yet large draw- 


bridges built according to the two first do their work thoroughly and 


well, and seem likely destined to last as long as any more modern. 
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Mr. Cuemens Herscuen have been much interested in the paper 
just read, particularly in that part which refers to the caleulation of the 
strains in draw-bridges.  [ having recently completed such a process, 
and although the problem is an intricate one, there is no great difficulty 
init. IT will endeavor at some future day to contribute a paper to the 
Society on this subject. 

Mr. Macpoxatp have prepared a note on the rolling 
friction of draw-bridges where the weight is carried entirely on the centre, 
which may be of interest in connection with this paper. We have before 
us* what many will recognize as the remains of a Sellers’ centre, used ex- 
tensively for turn-tables and draw-bridges to reduce friction, the material 
of which it is constructed is steel throughout. The eonical rollers are 
turned to accurately fit in the grooving of the bases, or rings, the upper 
one of which receives the weight to be revolved, and the lower one rests 
ona cast-iron seat having a semispherical bearing on the lower side, which. 
permits sufficient rocking motion to prevent cramping in the steel-box. 

This particular specimen cvume to grief under an extraordinary press 
of business, at the Point Street Draw-bridge, Providence, R. 1., and is 
submitted as an illustration of what may not be done under similar cir- 
cunstances. The Point Street Bridge has been described elsewhere and 
it is only necessary to refer to the accompanying sketch? to under- 
stand the method adopted in transferring the weight of the bridge to 
the centre. It will be observed that there are 4 radial arms, at the ex- 
tremities of which, the trusses are supported, they in turn are combined 
upon a central bell-shaped casting, which rests upon the upper portion 
of the steel roller box, the lower portion of the box resting upon the 
rocker casting above referred to. These rollers carry an average 
weight of 300 tons, and as there are 22 of them, each 3) inches 
long, there must have been a strain of nearly 4 tons per lineal inch of 
roller, supposing the loading to have been uniform upon each. Mr. 
Sellers, the maker of these centres, informs me that he considers him- 
self perfectly secure witha load of 3) tons per lineal inch, providing the 
hearing surfaces upon the upper and lower sides of the boxes are turned 
to fit with perfect aceuracy. He says the thickness of the boxes is not 
sufficient to prevent any tmevenness in the bearing from being trans- 


mitted through to the grooved surfaces in which the rollers revolve. 


* Referring to the parts of a draw-bridge pivot presented. 
+t From Engineering (London), March 21st, 1873. 
t Of William Sellers & Co., Philadelphia. 
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In this cuse the bearing surfaces on the upper and lower castings 
were not turned smooth in a lathe, but being dry sand castings made 
with special eare, T considered at the time that the bearings were quite 
good enough. Unmistakable failure has taken place however, and T am 
not prepared to dispute Mr. Sellers’ opinion, that one of the causes 
is due to imperfect fitting; but in my judgment the controlling defect 
is to be fonnd in the excessive load wpon the rollers. 

The Point Street Draw has been opened for the passage of river 
craft from 100 to 175 times per day, and at certain periods of the day it 
is not allowed to remain closed more than 2 minutes at a time. This 
box of rollers was subjected to 50,000 revolutions before obtaining its 
present condition, and under such a load T am not surprised that it re- 
fused to remain longer on duty. 

The question as to what is a safe load upon such rollers is a very in- 
portant one, and a theoretical discussion of it might prove somewhat 
difticult, although T doubt not some of our members are quite equal to 
the task. Practically, IT would suggest drawing in fine lines, a full-sized 
cirele having a diameter equal to that of the roller at the centre, and tang- 
ent to ita straight line. Then by measuring the length of tangent visibly 
in contact with the circle, we may assume that for all practical purposes 
this is a plane surface capable of sustaining a load equal to say 16 tons per 
square inch, which is not by any means excessive for the material in use. 
This would give for the present case a load of 2 tons per lineal inch of 
roller, about half what it has been subjected to, and quite within a safe 
limit, even for cases like the Point Street Draw-bridge, where the motion 
is almost continuous at times, 

It is not necessary for me to add anything by way of commendation 
to the admirable contrivance Mr. Sellers has given us in these steel 
centres ; they are too well kuown to require that. Failure in the present 
case can only be attributed to excessive loading, and possibly, as Mr. 
Sellers suggests—to imperfect application of the load. 

Since presenting the above L have seen a theoretical investigation of 
the strength of friction and expansion rollers, published in the Journal 
of German Engineers for April, 1874, Berlin. The resultant formula 


from which the value of an applied load may be obtained is therein 


expressed as follows : 


1 


In this, ? is the load which may with safety be applied upon a 
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evlindrical roller whose radius is and length /, and are moduli 
of elasticity of the roller and bed-plate respectively, and / is the safe 
compressive strain per square inch that can be sustained by the material 


of which the roller is composed. If we apply this formula to the ease 


before us, we have for the constants / 34 and +r 1) inches. 
OF EB. 29,000,000 and 35,000, Substituting 


these values in the equation, and 
P — 13,900 pounds, 

or very nearly 2 tons per lineal inch of roller. As the actual load upon 
the nest of rollers, supposing the weight to have been uniformily dis- 
tributed, was about double this amount, it will be seen that they were 
strained nearly upto the limit of elasticity of the best of steel, and 
the fact that they lasted so long as they did under this strain may be 
taken as experimental evidence of the accuracy of the theoretical results 
above given. 

In assuming values for # and /, IT have been guided by the results 
obtained by Capt. J. B. Eads in his experiments upon steel for the St. 
Louis Bridge, and for the value of 7, I have taken a mean between the 
two radii of the conical-shaped roller, it being in diameter, 2) inches at 


the small, and 3) inches at the large end. 


NCIIL. 


THE FOUNDATIONS FoR THE BROOKLYN ANCHORAGE OF THE 
BEAST RIVER BRIDGE, 


A Paper by Francis CoLiinawoop, C. E., Member of the 


sx wiety. 


Reap Jcuxe IS74. 


The front face of the Brooklyn anchorage of the East River Bridge is 
930 feet from the centre of the tower. The base at the front aud for 85 
feet 6 inches back, has a width of 109 feet 4 inches. At this point, the 
width is increased 10 feet for an additional length of 46 feet 6 inches, the 
total length being 152 feet. and the extreme width 119 feet 4inches. The 
base is a timber platform of 3 feet thickness, thoroughly bolted. ‘The 
lower course is laid transversely, with J-inch spaces. the second lougitu- 
dinally, with 2-inch spaces, and the third transversely, with 4-inch 
spaces. All spaces are thoroughly filled with cement mortar or concrete, 
and the platform is entirely surrounded by coucrete. Below this plat- 
form are bearers placed longitudinally, with about -feet spaces: the 
bottom of these being at the level of high tide in the East River. 

The surface of the ground at the front edge had an average elevation 
of 22 feet above tide, and at the rear, an average of 25 feet, increasing 
however, to 28 feet at one corner, where it came quite near to a large 
brick building. The west side had an elevation increasing from 2S fect 
to 32 feet, with buildings within 10 feet; changing suddenly down to 14 
feet, however, in the rear of another building, but 6 feet away. 

The earth was found, by testing, to vary quite irregularly, from low 
and gravel, to sand of all kinds. Water stood in the soil at about 2 feet 
finches above tide. At this level there was very fine sand, which. when 
saturated, would run like water, but was very hard and compact until 
disturbed, and very difficult to penetrate. 

The excavation was made of such size as to give at the bottom a clear 


space of 18 inches between the timber platform and the sheeting all 


around, or 6 inches between the platform and string-pieces supporting 
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the lower range of sheeting. The extreme size of the excavation at the 
bottom was therefore 122 feet 4 inches width at the rear, 112 feet 4 
inches at the front, and 135 feet long. ‘This space had to be excavated 
entirely toa uniform level, before the foundation could be started; and 
the problem was, to so support the banks as to effectively prevent damage 
to surrounding property, and at the same time not have the bracing 
interfere with the free movements of workmen, or with lowering and 
placing the timber and stone in position. 

The designing and carrying out of the work was intrusted to the 
writer, and it is hoped that it has sufficient novelty to make it worthy of 
record. 

The design was affected somewhat by the fact, that all materials for 
the anchorage had to be brought from the dock at the river, 1,000 feet 
through crowded streets ; and it was also desirable to transport for stor- 
age, the sand from the excavation to the yard at the pier. A double track 
tram-way of standard gauge, connecting with the street railroads was there- 
fore laid down for one block. Two lines of rails were also provided for, 
over the anchorage site (connecting by switches with either track) to be 
put down as soon as the work would allow of it. The general level of 
the top of the bracing was fixed at 18 feet 6 inches above tide, to aecom- 
modate the grade of these tracks. 

The form of the masonry throughout, is in plan the same as that of 
the foundation, the stone work being set back 18 inches from the edge of 
the platform all around. There are a series of offsets at the bottom, 
but its general form in elevation, is that of a truneated pyramid, with 
sides battering above gronnd half an inch per foot rise. 

The top of the masonry is also the grade line of the bridge, and has 
an clevation of 80 feet at the front, and 85 feet 9 inches in the rear. 
The extreme size at the grade line is 104 feet 4 inches by 117 feet ; the 
difference of 10 feet between the front and rear being preserved through- 
out. 

The front portion, 85 feet 6 inches long, is divided into three parts. 
The central of these, has a width at the base of 35 feet 10 inches, and will 
support and contain the two central anchor chains. Between this and 
the two exterior walls are spaces of 13 feet 3 inches at base. Each exte- 
rior wall has a bottom width of 22 feet, and contains one of the exterior 
chains. The spaces will be arched over, to support the roadway above. 


The position of the spaces fixed at once, approximately, that of the 


permanent tracks, care being taken not to interfere with the derricks 
11 
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needed in prosecuting the work. The lines of bracing had also to be 
fixed with reference to the spaces and derricks. 

As the ordinary length of spruce planks is about 13 feet, two ranges 
of sheeting were decided upon, at all points where the depth was not 
over 25 feet—and three, where the depth was greater. 

This fixed at the top the extreme width of the excavation at about 126 
feet, and the length, at 139 feet. As the pressure from each bank 
had to be carried to the bank opposite, it was necessary to divide these 
distances, so as to get reasonable lengths for timber, and secure suflicient 
rigidity to the system, without necessitating the use of inconveniently 
large sizes, or increasing the number of braces. It was decided that the 
stringers supporting the planks iaust be themselves supported at least 
once in 14 feet, and that only 8 feet spaces were desirable. Referring to 
the plan, it will be seen that this gave 9 divisions each in the rear and 
front, and 14 0n each side. Since diagonal braces could be introduced 
as shown, this determined the use of two lines of through longitudinal 
bracing, and six lines of through transverse bracing. 

At the intersections of the main lines, square timber piles were driven 
before the excavation was begun, to a depth of about 3 feet below tide. 
The exeavation was then started at the highest point, and the first 
stringers were put in, as shown in section. After this was well under 
way, the second range of sheeting was started on the opposite side and 
ends, and before the pressure had become severe, the braces between the 
heads of the piles were put in, in each direction. In this way the work 
was carried down progressively; the material in the central portion being 
in every case the last removed, 

The probable strains to which the timber would be subjected were 
carefully calculated, and the sizes proportioned accordingly. At three 
points the anchors to the derrick guys had to be partly supported by the 
sheeting, and the sizes of bracing were increased in order to resist the 
thrust occasioned thereby. 

The vertical spaces between the timbers were altevnately 4 feet and 2 
feet. The braces, from the lowest stringers, were inclined upward, and 
secured to the braces next above. By this means, there was at the begin- 
ning, a clear working space of 7 feet over the greater portion of the area. 
This was, of course, reduced as the timber was put in. It will be seen 
also that the central spaces in which to lower timber, were from 12 feet 


to 22 feet wide and 36 feet long. This offered great facility for work, 


and sticks 55 feet long were lowered without difticuly. 
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Every precaution was taken to securely bolt the diagonals and braces, 
wad to use cleats where there was danger of slipping; there was no 
failure at any point, notwithstanding some very severe rains which oc- 
cured while the work was exposed. The pressure from the rear bank 
Was sufficient to force the main braces an inch into the yellow pine piles, 
but no trouble arose from this cause. 

When, in laying masonry, it became necessary to remove the long 
cross-braces, short inclined braces, reaching from the stringer to be sup- 
ported, down to the masonry, were first put in and securely fastened; the 
long ones were then taken out with entire safety. 

The sheeting was mostly 2-inch stuff; a small portion only, at an ex- 
posed point, being thicker. In driving the lowest range of sheeting, 
eveat difficulty was found in penetrating the fine compacted sand below 
the water line. After trying several devices, it was decided to use a 
water jet. Por this purpose, a smedl rubber hose was provided, having 
for a nozzle a three-quarter inch iron pipe 4 feet long (with a stop-cock 
at its upperend). This was attached to the city water-supply, and by 
its use the planks were forced down very readily; 6 inches below tide was 
the average depth driven. 

To enable us to remove the last 2 feet of the excavation, it was neces- 
sary to pump the water out of the pit; and a question arose as to the 
size of pump required. To solve the question approximately, the fol- 
lowing experiment was tried. A piece of 18 inch sewer-pipe was set 
down into the sand at the bottom of the pit; fhe sand was then re- 
moved from the interior and the water bailed out. The time and depth 
below the top was then noted, and when the pit was nearly filled, the 
time was again noted, together with the increase in height. The average 
head under which the water entered did not exceed 6 inches, and it was 
thought that this was prebably as great as it ever would be around 
the sheeting. Taking the relative perimeters of the two as a basis of 
comparison, gave the quantity to be pumped about 80 gallons per min- 
ute. At a time afterward, when the pump was working regularly, the 
amount discharged was found to be 60 gallons per minute. This method 
would, no doubt, be safe in similar cases where there were no springs in 
the bottom. 

To facilitate the work of excavation, 2 piles were driven a little for- 
ward of the centre of the pit, and strongly braced to the adjacent piles. 
on which a temporary derrick with boom 55 feet long was erected. 


With this the sand boxes could be handled, and timber unloaded and 
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lowered into the pit with great facility. It was worked from a winding 
engine on the bank in the rear, and was used until the permanent 
derricks could be erected, 

The cars were flat cars, sufficiently strong to bear a load of 10 tons. 
The sand boxes were very strong and proportioned to hold 2 cubic yards. 
They were lifted by two side chains which were fixed, and one other lead- 
ing forward and fastened to the bottom, which had a tripping arrange- 
ment near the centre. The forward end was a door, with a bolt which 
could be tripped by the same rope which tripped the chain. The boxes 
were transported full of sand to the yard at the pier, where they were 
suspended to a traveller on an inclined wire rope, run up to an elevation 
of 50 feet, dumped by tripping the door and chain, lowered to the car, 
and again returned to the excavation. The arrangement worked well, 
and the cost of doing the work was moderate. 

The maximum pressure upon the sand underneath, caused by the 
completed structure, will be about 4 tons per square foot. 

The only remaining point of interest was the method taken to lower 
the four anchor plates into the pit. These are massive castings, 17 feet 6 
inches by 16 feet, 2 feet 6 inches deep (over all), and weighing 23 tons 
each. For this purpose, an excavation 20 feet wide with slope of two to 
one was made in the rear, and a hole cut through the sheeting. In this, 
timber ways were laid, and two sticks for sliding pieces were also bolted to 
each of the plates. The anchor plates were then lowered by tackle with- 
out trouble. This method was preferred to that of lowering direct, on 
account of the expensive appliances required, as well as of the risk in- 
eurred ly bringing such a weight on the bracing. 

In conclusion, it is but just to say that the work would have been com- 
paratively simple, had there been unlimited space for the operations. 
The extremely contracted space, and danger of undermining buildings 
digging as was done 14 feet below the deepest foundation—greatly in 
creased the risks and difficulties to be encountered. These were all 
overcome, however, and the masonry has been brought to the surface 


Without damage to surrounding property, and with no mishaps from 


eaving banks. 


Derrick. 
63 


Lon 

SS 


Derrick 


4 


8 


On. 


\ ZA 
YA 


| 

AN 

| 
FO 


em Bottom of Excavats 


~ fel — 
| 
\ 
IN 
| 


| 
4 
ye 
| é 
| 
| N | 
| 
|| 
ot 
if 
\ 
\ 
— 
B 
id 
. 
VAX 
ec 
> Grated : 
43 
25° 
¢ 
g 


Lonest range of Timbers,and eutlines of Timber rundation 


and lower Course of Masonry, 


lautde 


Aercein St. 


Charellet 


Wax 2 


a “ : 
W “W W 
| | | | | a 
| | | | Ma ] 
L 
| 
is 
| 
7 
7354" a 
é “Top of 2h 
J 
x 
Section on CD | 


AMERICAN SOCIETY OF CIVIL ENGINEERS. 


INCORPORATED 


TRANSACTION 


fact 


opintons advanced in aay 


MEE CONPLAGRATION NOW EXESPING EN THE COAL AT KIDDER 
SLOPE, 


A Paper by Martin Coryett, C. E., Member of the Society. 


Reap Jeune 10th,* 1874. 


The mining of anthracite coal in the Wyoming valley was begun by 
individuals or a few men associated together to furnish the necessary 
capital, and a slope was sunk, through or along the coal seam, about 300 
feet from the out-crop on the ‘ pitch” or dip; then gangways (tram 
road ways) were turned to the right and left, following the ‘ strike” of 
the seam. on « slight inclination, to the boundary of the property, which 
in the early days of mining was not very wide, averaging some 2,000 


feet. 


The * Kidder slope” was started in this way, and worked some five 


or six years ; the demand for coal increased so rapidly, and made such 


promise for the investment of capital, that large companies were formed 
for working, smaller operations were merged into the greater, and the 
Wilkesbarre Coal & Tron Co. became the owners of the ** Kidder col- 
liery.”” 


To increase production and keep pace with the demand for coal, 


slopes and shatts were opened on adjacent properties, and gangways ex- 
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tended on the Kidder premises far below the original workings ; to facil- 
itate these extensions, an engine with boilers was then set up some 400 
feet below the surface, and connected with that on the Kidder slope, 
which was no longer required for pumping, hoisting coal, or for egress 
and ingress into the mines. 

The Kidder slope and its connecting gangways had a pitch or angle 
of about 20> for some 600 feet, then an abrupt angle of 60° or more, 
and then it flattened to some 30°, upon which pitch the lower gangways 
were driven, connecting with the Empire shaft. 

A natural and common inquiry arises—was it not dangerous, and a 
great risk, to generate the large quantity of steam required in the midst 
of so much combustible material 2? This, like all similar engineering 
questions, is answered by the fact, that it was necessary to accomplish 
the work ; the means, therefore, had to be applied at whatever risk, with 
due consideration of the responsibility incurred and the advantages to 
be gained. 

The work contemplated was accomplished and successfully carried 
into effect. The furnaces and boilers were securely set in brick and 
heavy stone masonry laid in mortar, and a brick arch flue, of some 3 
feet inside diameter, and 300 feet long, was constructed to carry the hot 
air and gases into the old slope of the Kidder colliery. It is well known 
to practical men that if there is not much draft there is but little heat 
at the end of a flue of an anthracite furnace ; and the fumes of sul- 
phur only render a fine hecessary. A passage-Way Wis mide along- 
side the flue, with openings, by which « watchman could pass in and ex- 
amine for fire or any change of air currents. For two or more years 
this work went on most satisfactorily, and it was expected that by 
October next, that required to supercede the engine and boilers would 
be completed and the furnaces removed. 

About December 29th last the watchman made his customary exam- 
ination, and found nothing to report ; two days later the men in the 
mines discovered something unusual, and that night the wooden stack on 
the surface over the air shaft, burned. This was the first intimation of 
the fire ; the burning of the stack gave direction and intensity to the 
draft, which, in turn, spread the sparks and flames throughout the old 
workings. The miners hastened to the scene of disaster ; although it 
does not appear they anticipated anything serious, they vigorously began 
to put out the fixe ; not that it endangered any of the present workings, 


but it was an unsafe element to deal with. At the surface, water from 
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adjacent streams was conducted to the mines by troughs and gas-pipes, 
and pumps vere placed to use all that was available in the vicinity, 
whilst in the mines the mine locomotives were employed to work the 
steam pumps and force the water directly on the fire, which was reached 
by cutting passage-ways through pillars of coal and along old workings. 

It will be seen by referring to the cross section presented* that the 
pitch of the seam is 60° or more. This is too steep to climb or work 
upon without ladders or scaffolding, and was sufficient for the seam to 
act asa chimney, giving draft and force to the fire. 

The labors of the men seemed to be successful, and they exerted 
themselves the more ; unfortunately, they spread over too much space, 
and left behind them smouldering and concealed tire, hid from view by 
the steam and smoke which filled the mine. It finally burst forth in 
their rear, they were surrounded by heat and gases, their supply of water 
and material and the means of retreat were ent off, and they escaped 
with much difficulty entirely exhausted by their long and severe exertions 
without food and sleep. By the time these overworked men could be 
taken from the mine, and a new force organized, the air, rarefied by the 
heat, passed off im furious currents, which drew their supply from all 
purts of the colliery, thus feeding the fire and distributing hot air and 
vases through the mine. 

Under these circumstances a new method of proceeding had to be de- 
vised, barricades (generally termed ‘ brattices”’ by miners) had to be 
constructed, to protect the men from the hot air and sulphnrous gases, 
and to prevent the former from feeding the fire; when, however, the sup- 
ply of fresh air was cut off from the fire, the men suffered and became 
helpless. It is very difficult to portray by words or by maps and profiles, 
to those not familiar with underground work, the many difficulties met 
with, so as to explain why there were many failures to one sttccess, in- 
volving the necessity of doing the same thing over and over, under 
the most trying circumstances. 

Those in charge reorganized their forces and prepared the material for 
another effort. To store up all the available supply of water, reservoirs 
already made were increased in capacity and others were constructed, 
portable boilers and steam-pumps were obtained from the cities also gas- 
pipe and hose in their variety, plank, boards and props and other neces- 
sary tools and materials were procured, men were placed with almost mil- 


* This paper was accompanied by a set of “ Plans of the Wilkesbarre Coal Co.'s Mine” 
showing the location and progress of the fire, which are on file at the rooms of the Society. 
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itary strictness and discipline, and continuously worked in shifts—in 
the mines of 8 hours, and outside—-of 10 hours. 

One of the first difficulties encountered was in the line of our profes- 
sion, viz., Engineering; the early workings had been carried on when 
the services of the engineer were cousidered useless and involving un- 
necessary expense there were no hips or plans to refer to. and every- 
thing done was at a venture. A rowel wary for the men to get at the tire 
had to be constructed through the old mine, every foot of the distance 
had to be explored and graded. without maps and profiles to show the 
condition of the workings where strong pillars had been reserved to 
make the secure, wind where countel Treen 
this seemed to be a hope less nnd rtaking, vet if Was vecomplished in 
very short time. and 2 railroad was laid from the surface to the fire. ove 
3,000 fect in leneth, by which egress aud ingress was had for men, mules 
and materi:nl 

The difficulties encountered were many and ereat:—sometimes when 
lines of brattices were erected to protect the men, an undiscovered old 
working would Jet in the hot air and gases from behind. In making air- 
courses or roadways through pillars of coal, fire would be found burning 
with intensity and fierceness on the other side. thus further progress in 
that direction would be stopped and the labor and effort lost. Tn several 
eases if was nec ssaury to connect sé ctions of work which were cut off or 
separated Iyy the fire, and air-courses and travelling-ways had to be 
made where men were exposed to the gases and intense heat. To effect 
this, many expedients and devices were resorted to; wooden brattices 
were projected into the chambers filled with hot air and glowing with 
heat; to maintain them in position and prevent their rapid destruction 
clay (if to be had) or the debris of the mine was cast against them, and 
the unexposed sides kept dripping with water ; these brattices would soon 
be greatly injured if not entirely destroved, but before this, more sub- 
stantial and enduring ones would be constructed ; wooden conduits— 
suspended on wire ropes, to kee » them from the Durning coal, for the 
conveyance of air, water, and sometimes men, were carried through the 
burning breasts or chambers, gases andy tpor were venerated in 
quantities that the lamps shed but a dim, uncertain light over the tools 
and materials brought in and the confused mass of rubbish from former 
workings. 


As evidences of the difficuities and danger of the work in which the 


men were engaged, if may be stated that a suitable position in the mine 
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was set apart and prepared as a hospital, a physician put in charge with 
all the remedies and appliances deemed essential, and a corps of men to 
act in time of need upon the sounding of a signal; also workmen and 
others were forbidden to stray off alone, and were kept in gangs of not 
less than three. 

In the work, the men would frequently encounter what miners term 
“black or choke damp,” and known as carbonic acid gas. When 
inhaled in small quantities and wider certain conditions not well under- 
stood, it produces a dull pain in the head and nausea, and in large «quan 
tities, it suspends respiration and the subject drops inanimate ; one of the 
peculiarities of its action is, that a person is overcome, without being con- 
scious of its presence or approaching effects. It is well known that the 
currents of air and gases in amine are, touse the miners term, very baff- 
ling’ —that is uncertain and bevond positive control; lence a squad 
of workmen pursuing their work regululy and with apparent safety, 
would tirst learn of danger from the gas by the staggering and falling of 
one or more of their number, a signal would be given and the corps as- 
signed to this duty would hasten to the rescue and convey the sufferers 
to the hospitel Tn ordinary cases the head and breast of the patient 
were bathed in cold water and well rubbed. he was then allowed to sleep, 
wudin half an hour would be restored and able to resume work. A bad 
ease would be attended with vomiting, severe pains in the head and limbs 
and delirinin ; such a subject would be sent on the ambulance car to 
his home, and perhaps would recover after days of rest and care. 

Searcity of water was a source of difficulty, the weather became very 
cold, the ground troze and the streams failed to such a degree as to cause 
embarrassment. The heat increased in portions of the old workings 
where much “gob or refuse and timber had accumulated and quanti- 
ties of coal had been left in place to support the roof or on the bottom, 
and at the top of the seam the sulphur in the coal and slates boiled out or 
exuded, covering the sides and floor with i viscous substance. which, as 
the fire reached it. gave off volumes of sulphrvous gas intensely heated, 
that acting as a flux, melted the sand, rocks and slates, and changed 


their color from a light eray toa brick red. Small explosions, supposed 


to be produced by quantities of water suddenly coming in contact with 
the ignited coal, frequently occurred, the only damage being the disturb- 
ance of the air currents. 


The intensity of the fire began to manifest itself by expanding the 


slates and rocks over head. wide cracks or fissures appeared, and large 
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flakes were frequently detached; it was evident to the experienced miner 
that a ‘fall’ from the roof would take place quite soon; apparently there 
Was no linmediat+ danger to the men, vet a litthe movement might cut off 
the communication of those down in the mine and the gases and hot air 
prove fatal before assistance could be rendered. At this time great pro- 
gress was making in the reduction of the area on fire, all things were 
working to advantage, and great hopes were entertained of final success. 
The increasing evidence that a fall would take place caused a partial 
cessation of the work, particularly in that portion considered unsafe, and 
the men were kept out. 

At night, when but few were at work, the fall took place with most 
disastrous results as regards the spreading of the fire; about 3. acres. 
averaging from 10 to 30 feet in depth, fell a distance of 10 feet at least. 
The fall, although not all at onee., of sueh a mass of material (some 
2,600,000 cubic feet, or 180,000 tons), was felt over quite an area of 
surface and with alarm to the inhabitants near by, and brought fear and 
anxiety into many households; no one was permitted to go near or into 
the mines for some time, and work was in a measure suspended. Inside 
the mines the damage was very great, not because of machinery or tools 
lost, but the brattices were all broken down and destroyed by the concus- 
sion of the air, the ground that had been reclaimed was lost. much black 
damp was generated and driven into the present workings, and the tire 
was renewed and fed by the volume of air which the destruction of 
brattices and air-cowrses permitted to cuter. 

In contending with the fire. it had been observed that steam conecen- 
trated and confined gave much better results than were obtained from the 
application of water alone, and after due consultation it was determined 
to inject steam into the mines, all openings being closed but one left to 
keep up circulation. By reference to accurate and recent surveys, ** solid 
ground” —that is ground not broken or disturbed—was selected 
to enclose the burning area, forming a barricade which would be proof 
against the fire and gases, at the same time arrangements were made 
whereby steam conld be economically generated and admitted into the 
mines at points which would be available in their future working. To 
accomplish all that was required, it was necessary to enclose a large and 
very irregular area containing some 37 acres. 

This work has been completed, not in a permanent manner, but so 


well that steam under a pressure of 60° pounds per square inch is being 


generated in 38 boilers (each 3 feet in diameter and 30 feet long), and 
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forced into the mines. The barricade against the tire is constructed in 
various ways; much of it is temporary, to be replaced as required. The 
most temporary consists of board brattices alone, and the next of board 
brattices and clay; athird kind is made with 2 board brattices some 4 feet 
apart, the enclosed space being tilled in with clay or the fine dirt of the 
mine, and a fourth, with « wall of gob or refuse of the mine banked with 
clay, a mortar wall being in front. The complete and permanent brat- 
tices consist of 2 walls extending from the bottom to the top rock, made 
of good material laid in mortar, and the space tilled in with clay; these 
should also sustain the roof. 

When steam was first introduced into the mine, the escaping gas and 
vapor indicated temperature exceeding Farh., (that being the high- 
est graduation of the thermometer at hand, now the vapor from the en- 
closed area is confined to one outlet, where it escapes in not a strong cur- 
rent and at a temperature of about 100). Eventually 48 boilers located as 
shown on the accompanying map, will be in operation to supply steam to 
the mines: the battery of 12-—-nearly completed, is to force steam down 
through a inch hole, now being put down under contract}, and carried 
to a depth of some 350 feet, having about 50 feet vet to go te reach the 
coal seam wnd the fire at the foot of the inside Kidder slope. In this 
hole it is designed to put a 9-ineh pipe, enclosing another 6-inch pipe 
for steam, the space between the two being for air as a non-conductor 
of heat. 

Perhaps more might be said and the details extended, buat with this 
paper comes a cordial invitation from the officers of the Lehigh & Wilkes 
barre Coal Co.% (formerly the Wilkesbarre Coal & Tron Co.), for the 
members of the Society to personally inspect the mines, machinery and 
maps. Any information that this association is entitled to, will cheer- 
fully be given, and every effort made to render a visit to these collieries 
instructive and agreeable. Hoping this, however inefficient of itself, will 
induce members to embrace the opportunity to visit the northern anthra- 
cite coal field of Pennsvivania, where nature and art presents much to 
see and enjoy, this paper is respectfully submitted. 

Mr. J. Durron Steeie.—T have been much interested in the account 
of this fire. Permit me to call the attention of the Society to the very 

It may be said that a solid pillar of coal exposed on one side only to flre, and without a 


draft of air, will not burn. 
+ By the Pennsylvania Diamond Drill Co, of Pottsville, Pa. 


t The officers are : Charles Parrish, President ; George Parrish, Superintendent; Frederick 
Parrish, Engineer; John Griffith, Mine Superintendent. and David Jones, Assistant Mine 
Superintendent 
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serious character of conflagrations in anthracite coal mines. IT could 
enumerate 12°or 14 fires in the coal mines of Pennsylvania within a com- 
paratively small district. that are beyond the power of the mining engi- 
neers of the present day to control or put out, some of which have been 
burning for 20 years, and some for but 5 or 6 veurs ; and these are but a 
small part of the fires that actually take place. A large proportion, 
reaching below the general water level of the countiyv ae at once sub- 
merged, and after the mine rests a year or more the water is pumped out 
and operations rested. 

The injection of gas has been tried. but unsuccessfully; the reason is, 
that the mines cannot be made air-tight, which is requisite to cause the 
gas to reach the fire ; and, of course, if a mine were air-tight, the fire 
would go out without gas. This plan of injecting steam is much more 
practicable ; as a general thing. however the method pursued has been 
by submerging the mine as mueh as local circumstances allow to cut off 
the fire, and then to let it burn ont. 

If coal mining were conducted with more regard to the preservation 
of the product, and less to immediate profits, boilers would not be put 
where they are likely to ignite the mine, also less powder and other dan- 
gerous explosives would be used: as results of present management, we 
have many mines thus prevented from supplying one of the most valuable 
commodities of the country. 

Mr. R. L. Cooke.—On the excursion that members at this Annual 
Convention are about to take, they may see one of these burning mines 
at Summit Hill, where anthracite coal was first discovered and supposed 
to be iven stones. ‘That mine has been burning for about 15 years; the 
surface of the ground is sunken down and gives a fair idea of the crater 


of a voleano. Little putts of smoke come up, and there are many indi- 


cations of sulphur, large pieces of which are sometimes found, 
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THE TEREDO NAVALIS. OR SHIP-WORM, 
A Paper by G. W. R. Bayrry, C. E., Member of the Society. 


Reap LO, IS74. 


The object of the writer in preparing this paper is, if possible, to add 
something to what is generally known of the habits of the Teredo, and 
its operations on timber structures: particularly in southern waters, on 
the coast of the Gulf of Mexico. 

The libraries of New Orleans do not contain all of the works of natu- 
ralists and others who have written on this subject to which the writer 
would have liked to refer before trusting himself to prepare this paper, 
and circumstances live prevented the continuance of his observations 
respecting the habits of these ‘borers of the sea,” und of experiments 
to ascertain and determine the best and most economical means of pre- 
venting their ravages upon timber foundations under water; nevertheless, 
what has been learned may not he entirely devoid of interest to the 
members of our Society, und some little may, perhaps, be new; or, at 
least. unknown generally. 

Before proceeding with an account of what has been observed of the 
operations of the Teredo on the bridge-piling or foundations of the 
bridges on the line of the railroad, constructed in 1869 and 1870 be- 
tween New Orleans and Mobile, it may not be deemed amiss to quote, 
somewhat at length. from what has already been published respecting 
the ship-worm, so far as those authorities are accessible to the writer, 
and are considered applicable to a better understanding of the subject. 

From Louis Fignier'’s Ocean World” we learn that the Molluse: 
‘proper have been divided by Cuvier into five sub-classes ;—the first of 
‘these is called Acephala.” To this sub-class the ship-worms belong. 
* They have ao head; the body is surrounded by the folds of the mantle; 
* the shell cousists of two valves, hence they are ealled Lird/res.  * 
‘Although they have no head. they can feed themselves, and they re- 
‘produce their kind. The valves are united to the animal by the inser- 
“tion into them of certain muscles, and the mantle-lobes stretch over 


the edge of the valves," To increase ** the dimensions of its abode, 
‘the margin of the mantle is protruded and firmly adherent all round 
“to the circumference of the valve with which it corresponds.” The 
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animal ‘secretes calcareous matter and deposits it upon the extreme 
“edge of the shell, where the secretion hardens and becomes converted 
“into a layer of solid testaceous substance. At intervals this process is 
“repeated, and every newly-formed layer enlarges the diameter of the 
**valve.” 

The ship-worm moves ‘by means of an extensible fleshy organ 
‘called, from some of its functions, a foot; but in fact it has less re- 
“semblance to a foot than to 2 large tongue. [ft is a muscular mass, 
“eapable of being pushed out from between the mantle lobes and the 
“valves,” and of adhering, as the writer considers, by the exhaustion of 
the air and water under it, tirmly to the front end of the tube the 'Teredo 
is engaged in excavating or boring. 

The Lamelli Branchiata, so called from the leaf-like form assumed 
“by the gills,—or the Acephalous Mollusca, is devisi- 
“ble into two sections,” of which * the Siphonida, from the animals 
‘*having respiratory siphons,” includes the Teredo. 

“The division Siphonida is divided into two sub-sections ; those 
‘without and those with a pallial line sinuated. The first family of 

Z ‘this latter section is the Pholadidse, which includes the genera Teredo, 
*Xylopagha, and Pholas; animals which possess extraordinary powers 
“of boring, not merely throngh sand, but through the hardest (wood 
‘and) rocks.” 


In the Proceedings of the Academy of Natural Sciences of Phila- 
delphia, 1862, we tind it stated in ** Monograph of the Family Teredidie.”’ 
‘that Dr. Grey proposed. in 1851, to consider the Teredines a sub- 
‘family of Pholadidw. but Mr. Carpenter has separated them under the 
‘name of Teredidie, with great propriety as they undoubtedly exhibit 
‘sufficient differences from the Pholades, and from all other Molluscs, 
*to be entited to the position of a family.” 


This writer, Mr. ‘Tryon, Jr., describes the family Teredidie, which he 
divides into three sub-families : of which the second is fossil, and the 
third never penetrate timber, as follows: Animal clongate, sub- 
“eylindrical, siphons united nearly to the end, their extremities armed 
“with two shelly styles —pallets, foot long and narrow, protruded 
‘through the united mantle lobes. which are thickened in front. Gills 
“Jong; mouth with palpi. Shell, when present, globular, tripartite, in- 
“eluded with the animal in amore or less cylindrical testaceous tube, the 
* siphonal end of which is divided into two by a longitudinal partition.” 
*Sub-family 1. Teredinw. Valves present, free, contained im the tube, 
“which is irregularly cylindrical, sometimes much contorted. Per- 
**forating timber.” 

Tryon again divides the sub-family Teredinwe into the genera Teredo, 
Uperotis and Xylotrya. Of each genus there are many species, and. he 


says, it ‘is not unfrequently the case (that) several species are found in- 


* habiting the same piece of wood.” There is also *‘* great variation of 


157 


* the individuals in size, proportions, and markings,” and, ** with regard 
**to the ship-worms, * * no reliance can be placed upon the relative 
** proportions of their several parts for specifie definition.” 

*So little did Linnweus and his immediate followers know,” says 
Tryon, ‘of the species of Teredo, that they have included a number of 
** species under the name of 'T. Navalis, which is published with such a 
* general description as will suit all the species now known, or hereafter 
* to be added to the genus.” 

The writer is convinced that many species are propagated and invade 
timber on the coast of the Gulf of Mexico, and that they vary very much 
in ** size, proportions and markings,” some of them being from half to 
three-fourths inch in diameter, when fully developed, and from 12 to 20, 
or more inches in length,* while others are very much less in size. 

As Figuier says : ** the galleries bored by these imperceptible miners 
“riddle the whole interior of a piece of wood, destroying: it entirely, 
* without the slightest (to an inattentive observer) external indication of 
“its ravages. The galleries sometimes follow the grain of the wood ; 
* sometimes they cut it at right angles ; the miners, in fact, change their 
‘route (or retract themselves, and start again in a new place) the 


‘moment they meet in their way either the furrows hollowed ont by 
* their congeners, or some ancient and abandoned gallery. By a strange 
* kind of instinct * (not strange, because two animals cannot oceupy any 
portion of the same tube at the same time, and they are powerless to 
destroy each other), “however multiplied may be their furrows or tubes 
‘in the same piece of wood, they never mingle.”” He adds, that ** there 


‘is never any communication between them” in the tubes, but this is an 
error, for they often encroach upon each other's tubes, so far, at least, as 
to cut away the dividing wall between them. As, however, each animal 
fills the whole length of its tube at all times, for it cannot live unless its 
siphons and pallets (though what are the precise functions of the latter, 
unless to keep the outer hole open and clear and to catch the animaleules 


on which it feeds.+ is not known) have direct connection with the sea- 


Tryon gives the dimensions of the Teredo Norvagica (whose habitat is in the waters of the 
Channel Islands, and Devonshire, England, coast of France, Senegal ? United States ? Medi- 
terranean Sea), as follows :—* Length of valves half an inch ; breadth of valves somewhat 
“less. Length of tube about one foot; but individuals have occurred in which the tube is 
2) feet long, and the valves three-fourths of an inch.”” This species, it is believed, is found 
near the mouth of the Mississippi River. 

+ When a piece of wood containing live Teredos is removed from the water. these “ styles "’ 
or pallets’ are immediately protruded through the small hole through which the young 
Toredo entered. When replaced in water they are withdrawn. Examination, by means of a 
microscope, shows that these * pallets’ are wholly calcareous, in shape somewhat like a 


* soldier's feather,” imbricated, with a great number of sharp, spear-like or necdl points 


projecting outwards, and barbed, seemingly well adapted for catching such animalcules as 
might float by and come within the reach of these pallets. Unless the Teredo had the means 
of preventing it, the shells of the barnacle or oyster would grow over this opening. 
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water outside; the intruder cannot advance beyond the dividing wall if 
the living animal be present. It is believed, however, that they do, in 
some cases, from necessity, cross old and abandoned galleries, when sound 
wood is to be found on the other side, and not elsewhere 

M. Quatrefages says that, near Port St. Sebastian, ‘ta boat, which 


‘served us u passage-hout between two villages, went down in conse- 


‘quence of an accident at the commencement of spring. Four months 
‘after, some fishermen, hoping to turn her materials to advantage, raised 
‘the boat. But.in that short space of time, the Teredos had committed 
‘such ravages that the planks and timbers were riddled and worm-eaten 
‘so as to be totally useless.” The writer knows of instances similar to 
the above which have occurred on the gulf coast of Mississippi, where 
submerged boats have been destroyed in as short a time. Mr. Piguier 
says; ‘tat the beginning of the eighteenth century half the coast of 
* Holland was threatened with annihilation because the piles which sup- 
** ported its dikes and sea-walls were attacked by a species of Teredo.” 
Many other cases might be cited. On the line of the railroad between 
New Orleans and Mobile, several hundred piles—from 14 to 20 inches in 
diameter, round as they grew--driven la the spring of the vear, com- 
menced to break off in the following mouth of November, and others, 
driven in June and July, commenced breaking in the following winter. 
Piles driven in the spring broke tirst at about low tide mark ; those driven 
in summer generally broke off during the next winter, near the bottom. 
During the hot months the worms seemed to work, where the water was 
salt, nearest to the surface ; later, as the temperature of the air decreased, 
and the surface water cooled or became less salt in consequence of rain- 
fall, they worked near the bottom. So completely were these heavy vel- 
low pine piles destroved in a few months, that the strength of one man 
Was sufficient to break them short off. although many of them exceeded 
18 and 20 inches In diameter. 

As it is believed that the eges of the Teredo are not hatched until May 
or June, and sometimes still later, and that the voung animal does not 
fairly begin its operations nnotil June or July, and sometimes in Angust, 
from three to five months seem sufficient for them to honeycomb a piece 
of timber of any size, during seasous favorable for their propagation and 
development ; that is, when but little rain falls on the coast, and the sea- 
water is, consequently, quite salt. Pieces of very heavy vellow pine 
timber, 14 by 16 inches, just from the mill, were placed in the water in 
May and June, and taken out in the month of October following ; 
although but 15 feet in length, they would not support their own 


weight, resting at both ends. 
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The long bridges across Bay St. Louis, 10,055 feet. and Bay Biloxi, 
6,136 feet long, built in L869 and on heavy yellow pine piles, from 
15 to 20 inches and more in diameter, had to be reconstructed in the winter 
and spring of IS71, by driving an entire new set of piles in the place of 
those destroved by the ‘Teredo. The Bay St. Louis bridge piles—the 
new ones-—were covered with felt and copper (or yellow metal sheathing), 
and the Biloxt bridge piles with felt and zine, from the water line to the 
bottom ; the depth at Bay St. Louis being from 10 to 12 feet generally, 
and at Biloxi Bay from 10 to 15 feet. 

Before driving the new piles, the required depth of penetration being 
known by the record of the driving of the old piles, the portion intended 
to include the spuce from the water-line to the bottom was reduced to 
from 10 to 12 inches in diameter and ronnded, to receive the covering of 
felt and copper (or yellow metal), or felt and zine, which was put on on 
shore. At Bay St. Lonis unfortunately, or illadvisedly, the piles were 
not felted and coppered for a sufficient length to allow for the increase 
of depth due to the scour caused by the tidal currents and the contrae- 
tion of the water-way by the new piled bents. The coppering reached 
the old bottom, but the bottom was washed out below the protection, in 
many places around the piles in the new bents, thus leaving them 
exposed to the ravages of the Teredo below. However, as the Teredo 
always prefers to work lengthwise of the grain of timber, and does so in- 
variably when he can, or except where so many animals enter as to com- 
pel their working at right angles to it in order to keep out of each 
other's way, those animals which attacked the sevefed portion of the piles 
below the coppering. where reduced to receive the sume, naturally worked 
downwards with the grain and in the sapwood, thus weakening the 
pile but little. In those cases where the coppering did not quite reach 
the searfed part of the pile there was danger of the worms entering in 
sufficient numbers nevertheless, to cut the pile off there or to seriously 
weaken it, though the animals which entered next to the copper would 
turn upwards with the grain of the wood. 

In S72, the writer, who was placed in charge of this road a//er the 
rebuilding of these two bridges across Bays St. Louis and Biloxi, em- 
ploved a diver who used a submarine-armor dress, to examine each 
pile in both bridges. This examination showed that many of the piles 
in the Bay St. Louis bridge had been damaged by the Teredo below the 
coppering, some of them dangerously so, and that the animals were still 
at work in them. It became necessary to find a remedy to stop their 


ravages. 
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Pieces of wood containing live Teredos were covered under water 
with sand and earth, thus cutting off their connection with wrated salt- 
water : they died in a few days. Sand and clay were accordingly hauled 
in sufficient quantities and dumped around the new piles to cover the 
exposed parts. Although this was gradually washed away again, it re- 
mained long enough to kill the Teredos in the timber, and thus the 
piles were saved from destruction. The piles, much injured, were re- 
placed with new ones, previously charred with coal-tar burnt on them, 
washed with dead oil, and coated with coal-tar varnish, and all loose or 
broken sheets of copper were renailed under water or patched with 
tarred canvass and copper sheets. In some few places it was found that 
the worms had entered above the coppering, where the piles had been 
driven a little too deep; these were covered higher with tarred canvass 
and copper. It was estimated that this coppering, already considerably 
thinned by decomposition, was good for, perhaps, 3 or 4 more yeurs. 
As before stated, the exposed parts of the new piles in the Biloxi Bay 
bridge were covered with felt and zinc, instead of copper, and for a sufti- 
cient depth to allow for the increased scour. In driving the piles, many 
of the sheets had become loosened, as also at Bay St. Louis, by the blows 
of the pile-driving hammer, and but for the felting the piles would have 
been very imperfectly protected indeed. All the loose sheets were re- 
nailed and the broken places patched by the diver, and but few piles 
were found damaged seriously by the Teredo. The zincing, which had 
been on but one year, was found to be much corroded into small holes 
in many places, particularly where loosened from the felting ; it was 
estimated that it would not last more than one or two years longer. * 

The writer is confident that had the covered portion of the piles been 
well coated with thickened (boiled) coal-tar before the felting was put 
on, and the felting itself—with the same material under the metal sheets, 
the latter would have lasted much longer, because exposed to the salt- 
water only on the outside, and the felt also would have been protected 
from decay. As the Teredo cannot penetrate any such soft fibrous or 
spongy substance as felting, or thick paper, or the bark of pine timber— 
and this is the reason why the spongy, fibrous wood of the cabbage-tree 
palm, is never attacked by the Teredo—the preservation of the felt cover- 


ing was certainly a matter of great importance. 


* The piles in the Bay St. Louis bridge were covered with 16-ounce «* yellow metal,” or 
composition sheathing, such as is used on ships’ bottoms. The Bay Biloxi bridge piles were 
covered with sheet zinc, numbers 9, 10, 11 and 12, weighing from 11 to 17 ounces per square 
foot, and some few of them with number 14 sheathing zinc, weighing 21 ounces per square 
foot. The lightest zinc sheets used were so corroded in one year’s time, that numerous small 
holes had been made through them. 
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The action of salt water upo copper and zine sheets is very destruc- 
tive, and tarred felt is even a better protection than metal for submerged 
timber, because, aside from the question of durability, the former can 
be more closely fitted than the latter to the timber. With metal only, 
the sea water can penetrate under the sheets (especially where loosened 
or broken), and where sea water enters and ebbs and flows with the tides, 
so can the ship-worm enter and work. If felt, saturated with the dead 
oil of coal-tar and well coated with thickened coal-tar, can be secured 
to and maintained on the outside of submerged timber, it may be con- 
sidered safe from the ravages of the Teredo. This, it is thought, can be 
done in several ways; by nailing with broad-headed nails, either with or 
without metal strips wound around spirally, or by nailing on outside of 
the felting, when the timber is squared or reduced to plane surfaces, 
thin boards with bevelled edges, which have been previously thoroughly 
creosoted or carbolic acidized. 

It may be said that it is better to charge the whole piece of timber at 
once, and have done with it, but when piles from 50 to 70 feet in length 
must be used, as at Bays St. Louis and Biloxi, where the water was only 
from 10 to 15 feet in depth, with 30 or more feet of mud and clay, the 
cost of charging, uselessly, the portion below the bottom becomes an 
important consideration. In other portions of the railroad from New 
Orleans to Mobile, piles were required to be used from 70 to 90 feet in 
length, in water from 45 to 50 feet in depth ; and the Teredo works to 
the bottom, at any known depth, in our waters. 

The sap-wood portion of yellow pine timber can be easily charged 
with dead oil by boiling in an open tank, as the writer has determined 
by actual trial with round sticks from 70 to 80 feet in length, but the 
pitchy heart wood cannot be, by wuy process, in very large pieces, if at 
all. With round piles, unhewn, if the sap-wood is charged, and the 
cracks and checks are tilled with thickened coal-tar, no worms can pene- 
trate to the heart wood ; it is better, therefore, to use round piles, if to 
be creosoted, and with the bark on if not otherwise to be protected. 

The Teredo, as before remarked, works in our waters at all known 
depths, as at the hottom at Pascagoula, Pearl river, the Rigolets, and 
Chef Menteur. At those places, too, where the depths vary from 20 to 
30, 40 and 50 feet, the worms do not work near the surface, where the 
water is fresh or brackish, but beneath it, in the salt water, and most 
where it is most salt, near the bottom. In some cases, they enter just 


above the bottom, and work their length downward, below it, as well as 


from just below the water-line up. The piles used to cross the shallow 


> 
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lakes and bayous, in the sea marshes on the line of this railroad, from 5 


to 6 feet in depth, are not injured by the Teredo, but in the open. salt 


water Bays St. Louis and Biloxi they work nearest the surface in dry, 


hot weather, and nearest the bottom during cool or wet weather. During 


ow rainy stnimer seasons, the ‘Teredos do not make their appearance 


until late in August and September, and then are not largely propagated ; 


buat they grow several inches in length, in from four to eight weeks, when 


the do appear. When we have a and autumn, wand the sea 


Water is very salt, they begin their work early. and are terribly destruc- 


tive. How long they live is not known, but they certainly live through 


our Winters, and probably for one or more vears, coustantly increasing 


in size and length, if they have wnperforat 


through nnd row in, nnd eviving birth To furnilic s of larvie, 


It is ritlly conceded, mow, that the process ol creosoting or 


‘*earbolic acidizing,” with the dead oil of coal-tar which contains 


bohe acid, is the best pres rvitive of thinber and protection against the 


this has stood the test of use perfectly, since 


operations of the Teredo ; 


1830, at miainy points on the coast of Enelind, France and Holland. M. 


‘in a word, 


Crepin made extensive experiments in Belginm, and says : 


st is proven that sea water has no action on creosoted surfaces, and 


‘that the portions of the wood well impregnated preserve their pene- 


The commission 


“trating odor, anid present no trace of alteration.” 


appointed by the Dutch Government ‘tried futhftully and extesively 


‘various processes” for the preservation of wood from the attacks of the 


Teredo, and the conclusion was that the ereosole o// was the only * true 


* preservative against the havoc to which wood is exposed on the part of 


“the naval worm ;° and experiments in Holland, under the direction of 


the Amsterdam Academy of Sciences, established the same thing. 
not wheal is the best preservative and 


The principle question now is 


preventive, for that is known,—but how best and most economically to 


use creosote oil so called, or ** dead oil,” as it is known here, a product of 


coal-tar ? 


It may not be uninteresting to give some other particulars respecting 


the Teredo, its propagation, and how he cuts his way through the hardest 


wood, M. Figuier suys: °° The singular Acephelous Molluse known as 
‘the Teredo Navalis, has the appearance of a long worn without 


Between the valves of a little shell, with which it is 


‘articulations. 
* provided anteriorly, may be seen a sort of smooth rim, which surrounds 


‘‘a swelling projecting pad or cushion, regarded as a foot. * The 
‘body of the Teredo is enveloped by the shell and mantle, the latter of 
“which forms a sort of sheath, communicating, by two siphons with the 
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“exterior” sea-water. The mantle adheres to the circumference of the 
‘shell,’ and is ** transparent enough, especially in the young, to permit 
‘of the mass of the liver, the ovary, the branchiwe and the heart being 
“distinguished in the interior, even to counting the pulsations of the 
‘Jatter. The siphons are extensile and attached, the one to the other 
for abont two-thirds their length. Lt is by these tubes that the aérated 
“water enters, which feeds the animal and enables it to breathe. It is 
* discharged by the second tube. when deprived of its oxygen and no 
‘longer respirable, carrying with it also the useless products of diges- 
‘tion. On the upper edge of the anterior portion of the body of the 
‘animal is the mouth, a sort of funnel, flat and slightly bell-shaped, fur- 
‘nished with four labial palpi, a stomach * and a well developed 


intestine.” 
~The heart consists of two auricles and a ventricle. which beat at 


“very irregular intervals, four or five ina minute. The blood is color- 


‘less, transparent, and charged with small irregular corpuscles. The 
‘act of breathing is accomplished in the branchie, or gills.” which are 
arranged like the leaves in hook. The nervous is well devel- 
“oped and consists’ of nervous filaments and of ganglions which are 
“distributed to the mantle, the branchise, the foot and the siphon tubes.” 

The Teredo a spherical greenish-yellow egg.” which, ** shortly 
“atter fecundation is hatched. At first naked and motionless, 
these lurve are soon covered with vibratile cilia, when they begin to 
“move, at first vevolving rapidly, * afterwards swimming 
about freely in water.” 

* When one of these larvie has founda piece of submerged wood 
“it fabricates, step by step and as it requires them, the organs neces- 
“sary for the performance of its functions. It begins by creeping along 
* the surface of the wood © * and is observed. from time to time, to 


‘open and shut the valves of the little embryo shell which partly envelopes 
“ait. As soon as it has found a part of the wood fit for its purpose, it 
* pauses, attacks the ligneous substance, and soon produces a little depres- 


‘sion or opening (about one twenty-fourth of an inch im diameter), which 
‘will be the entrance to the future tunnel. Once fairly lodged in this 
‘little opening, the young Teredo is rapidly developed ; it covers itself 
“with a couting of mucous matter, which, condensing by degrees, assumes 


‘a brownish tint, forming a solid covering, with two small holes for the 
‘passage of the siphon tubes. At the end of three days this covering 
*has become quite solid; it is the commencement of the calcareous 
‘tube, in which the animal is to attain its full size. When secured be- 
‘neath this opaque screen, the little miner is no longer exposed to ob- 
“servation ; but, if his cell is opened at the end of a few days, it is 
found that it has secreted a shell, larger and more solid than the 
‘original one, and this is the shell of the adult animal.” 

* The young Teredo, which feeds on the raspings of the wood (?) in- 
“ereases rapidly ; it passes first from a spheroid form to an elongated 
*shape,” but it seems to grow very much in diameter immediately after 
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entering its * ligneous channel, now the dwelling-plice of the animal,” 
before extending the tubo, which increises gradually in diameter, with 
its growth, afterwards. 

Mr. Figuier says: ** The process by which a creature, soft and naked 
* like the Teredo, should break into a solid pie -c of the hardest wood so 
*qnickly, and destroy it with so much facility, was long a mystery. 
** Until very recently, (He shel/ was looked on as the implement of perfora- 
“tion.” He considers that, if so, **the shell should preserve certain 
* traces of its action upon surfaces so resistant as oak and fir,” but ** the 
‘shell, on the contrary, is in such cases perfect, with no signs of fric- 
“tion.” He thinks that **the muscular apparatus of the Teredo is not 
* well caleulated to put the shell into rotary action, were the process a 
* boring one,” but in this he is certainly in error. 

* Some naturalists,” he adds, “have suggested * * that the animal 
is furnished with the means of secreting a liquid capable of dissolving 
* the woody fibre,” but ‘this has been met by the statement that, in 


‘whatever way the wood is attacked, whether the gallery is excavated 


‘with or across the fibre, the groove is as exactly and neatly 
. *eutas if it had been perforated by the sharpest tool, and that a cor- 
; > roding dissolvent could not act with this regularity, but would attack 
* the harder and more tender parts unequally.” M. Figuier admits 


that, “this objection, which M. Quatrefages opposes to the idea of a 
> chemical solvent.” is unanswerable. 

M. Quatrefages also says : ** Let us not forget that the interior of the 
* gallery is constantly saturated with water ; consequently, all the points 
‘of the walls which are not protected by (the calcareous lining of) the 
> tube are subjected to constant maceration. In this state a mechanical 
‘action, even though inconsiderable, would suilice to clear away the 
* bed of fibre thus softened, and, if this action is in any degree continu- 
‘ous (as, obviously, it isand must be), it suflices to explain the exeava- 
‘tion of the galleries, however extensive their ramifications. Again, the 
‘upper cutaneous folds, especially the cephalic hood, having the power 
>of expanding at will by an afflux of blood, being covered with a thick 
* coriaceous epidermis, and moved by four strong muscles, seems to be 
‘very capable of performing the operation. [tf appears verv probable 
‘that it is this Jood (and not the s/e//s) which is charged with the re- 
‘moval of the woody fibre, rendering it incapable of resistance by 
‘previous maceration, which may also be assisted by some secretion 
* from the animal.” 

M. Fignier adds: **"That the fleshy parts of the mollusc, acting upon 


>the surface, softened long (?) taeceration in water, is the boring 


‘implement cmployed by the Teredo, is probably the only explana- 
‘tion the case admits of ; at all events, in the presents state of our 
* knowledge, the explanation of this naturalist (M. Quatrefages), is the 
> most reasonable which can be given.” 
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An examination of (he shells or valres of the Teredo wider a powerful 
microscope, by Dr. C. B. White, president of the New Orleans Board 
of Health and by the writer, has fully convinced them that the valves or 
shells are the only true implements of perforation, as first supposed ; 
for all the strim on the convex faces of the shells or valves, are, in fact, 
microscopic crystal-toothed saws, the teeth about the one thousandth of 
an inch high, and the sume distance apart, one set of striz or parallel 
saws arranged at right angles to the other, so as to cross-cut the surface 
to be excavated, most admirably and perfectly adapted for the purpose 
intended, 

concluding our account of the boring apparatus of the 
Teredo, wid of how it is operated, it is applicable to quote a few piussages 
respecting its congener the Pholas, and how it operates. 

~The manner in which” (says Mr. Tryon) ‘*the animals of Pholas 
“excavate the holes in rocks, wood and hard clay, in which they reside, 
‘has long proved a puzzling question to naturalists, and various theories 
‘have been started in exphuation. The hypothesis of the evolution of 
‘an acid or solvent to eat away the surface of limestone rocks, was met 
‘with the powerful objection that the delicate valves of the animal 
‘itself would be equally liable to attack, and when it was found that 
‘the Pholas, not restricting its operations to carbonate of lime, ex- 


*cavated with equal facility surfaces on which acid has no effect, gneiss, 
* for instance, ‘the solvent theory’ received its death blow. The use 
‘of the valves with their sharp imbrications in effecting the work of 
* excavation” (he says, nevertheless), ‘tis forbidden by their frequently 
* perfect state (as they should be if renewed), even when contained in 
‘the hardest substances, (exemplitied by a piece of extremely hard 


*eneissic rock from the coast of France, containing a magnificent 
> specimen of Dactylina Dactylus, with its imbricated ribs sharp and 
‘perfect. Coll. Acad. Nat. Sci.) The anterior part of this animal, the 
* Pholas, has a granulated surface, caused by the presence of numerous 
‘siliceous particles, and this is probably the instrument which the 
‘animal employs in its work. Reeent investigations hav 


shown that 
* these granules ave renewed, as fast as they are worn off hy uitrition with 
‘the surrounding surface.” 

Blainville” (says Figuier) “thought that a simple movement of 
*the shell incessantly repeated would suffice to picree the stone. ma- 
*cerated by the sea water passed through the breathing apparatus. 
*Mr. Robertson, of Brighton, exhibited the living Pholas in the act 
“oft boring through masses of chalk, and thinks the process entirely 
‘effected by the simple mechanical action of the lwdranlic apparatus, 
“rasp and syringe.” 


“Tf you examine the living molluses,” says Gosse, ‘you will seo that 


“the fore part of the shell, where the foot protrudes, is set with sfowy 
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points arranged in lranscerse and longitudinal rows, the former being 
* the result of elevated ridges, radiating from the hinge, the latter—that 
* of the edges of successive growths of the shell. These potuts hace th: 


resemblance to those set on a steed raspy tn Dlacksmith 


*shop.” The animal, Gosse adds, ** turns in its burrow from side to 


most 


‘side when at work, adhering to the (front portion of the) Interior by 
* the foot (or sucker), and therefore only partially rotating to and fro. 
* The substance is abraded im the formof a tine powder, which is gradu- 
ally ejected from the mouth of the hole by contraction of the efferent 
* siphon.” 

The Teredo, probably, works in a precisely analogous manner; by 
wlhering to the front end of his tube ly means of his foot or sucker anid 
so graduating at will the fecd of his saws or rasp. which he works by a to 
and fro retary motion and changing from time to time as required, the 
point of adhesion of the foot and the application of his transverse and 
longitudinally arranged system of ** gung-saws” or rasps. seems ob- 
vious, When examining the glittering crystalline teeth so systematically 
arranged in parallel rows on the valve sirells of the Teredo, that no bet- 


ter arrangement could have been adopted for abrading., by a rasping to 


and fro rotary motion, the surface of hard wood or of anything less lard 
than the valve shells themselves, and not too soft or too spongy or too 
fibrous to be pulverized. 

The Teredo, very naturally, prefers to work with the grain of timber 
and always does so unless prevented, because thereby the woody tibre is 
more easily abraded and reduced to an impalpable powder, The convex 
front of the shells, however, enables the animal to work at right angles 
to the grain of wood, or in any direction if necessity compels his doing 
so. He makes short and abrupt turns and tortuous windings, or some- 
times even retracts himself and starts again at right angles to his gal- 
lery. He avoids knots in timber, by preference, but when crowded, the 
hardest and most resinous yellow pine knots are perforated with so much 
apparent ease as wny other part of the wood. | Resin is certainly no pro- 
tection whatever. 

A certain hardness of the wood worked in is a pre-requisite condition 
and without it the Teredo is powerless : therefore felt. canvas. or thick 
papereven, particnluly if saturated with dead oil or with coal-tar—which 
repels the worm and preserves the material —is a protection, so far as it 
ean be put on and maintained without breaks or openings. By nailing a 
sheathing of creosoted boards over the felt. canvas or paper covering. 
the latter would be protected and preserved. while the dead oil or coal- 


tar would prote 


‘t the nails from oxi lation. 
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The writer knows of an mstance where the bottom of a dredge-boat, 
working in salt water, was protected and preserved from the operations 
of the Teredo by of a sheathing of one-inch evpress boards, with 
a&laver of felt interposed between it and the boat’s bottom. Neither the 
sheathing nor the felt was ereosoted. but, notwithstanding that the 
sheathing boards were destroved or honev-combed by the Teredo, the 
laver of felt was not penetrated, and of course the boat's bottom was 

The Teredo is nowhere, perhaps, more destructive in its operations 
than on the gulf coast of Texas. Owing to the warmth of the climate 
there. the worm works nearly if net quite all the vear round. 

Por the accommodation of the Morgan Line of New Orleans and 
Texas Stewmships. a large piled wharf was constructed in 1869 at Rock- 
port. In Aransas Bay. on the Texas coast. ‘To protect the exposed por- 
tious of the piles of this wharf, from the high-water line to the bottom, 
this part of exch pile was carefully charred by burning its surface. The 
charring of the piles—Dbecause the Teredo cannot work upon the soft 
charred surface served to protect them from the Teredo temporarily, or 
until the barnacles had time to attach themselves and grow sufficiently 
to cover the surface, and thus prevent the entrance of the ship-worm. 
If the Teredo enters the wood in advance. there is no doubt. as before 
stated, that its shelly styles or pallets are used to prevent the formation 
of the shell of the Darnacle, or of any other obstruction, over the small 
hole through which the Teredo supplies itself with a€rated water, and 
with the animaleules which constitute its food. But for this provision 
for the protection of the Teredo, the barnacle would extend his shell 
over the entrance hole of the former, and suffocate it in its gallery or 
tube. Barnacles form on the exterior of wood containing the Teredo, it 
is true, but they do not cover their entrance holes so long as the animals 
inside sve living, Phis crustacean, the barnacle—erows rapidly and 
to an large size, two inches and more in diameter—in the waters of the 
Texas coast. and its hard calcareous valves, ever growing and pertaining 
to a living form a much better and more durable protection 
against the entrance of the Teredo, than any perishable metal cover- 
ing. The difficulty seems to be, however, that protection by means of 
a barnache covering is not sutticiently certain or perfect, everywhere. 
If the Teredo enters before the burnacle has covered the surface, (and 


this requires two or more months)—the latter will not succeed in covering 


it. as ubove ¢ xplained. On the coast between New Orleans and Mobile, 
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the barnacles are generally, too few and too small to completely cover 
the exposed surface, except after a long time if ever, and further north 
they are probably, fewer and smaller still. Again. the Teredo may enter 
the cracks or checks in the timber, and thus avoid the charred surtace. 

The charred and barnacle covered piles in the Rockport wharf lave 
been in use now about five vears, and the writer has been assured, by 
Mr. Morgan’s agent, that they have not been injured by the Teredo ; as 
evidenced by the occasional breaking of a pile by the concussions of 
steamships in effecting their landings, no sigus of the ship-worm then 
appearing, 

The following simple process, in’ some respects the same as was 
adopted by the writer for the protection of the new piles used to 
replace the damaged felt and copper-covered piles in Bay St. Lonis 
bridge in 1872, is recommended as an economical, and it is believed, 
a reliable method of protecting timber piles in salt water where ex- 
posed to the ravages of the Teredo. Place tranverse timbers or skids 
far enough apart to permit of the charriug of the piles for the lengths 
required, high enough to allow for a tire of the chips made in cutting 
and pointing the piles underneath them, and long enough to allow for 
the coating of several piles and of their treatment on each side of the 
and cout the 
pile with coal-tar, then roll it slowly over the fire, so as to set fire to and 


fire at the same time Remove the bark (if it is on the pil 


burn the tar coating. Coat again with tar and roll back, to deepen the 
charred surface as well as to burn into the wood (or to impregnate it 
while hot with) the dead oil and carbolic acid contained in the coal-tar. 
After rolling off again, and as quickly as possible while the wood is vet 
hot, apply still another coating of tar over the charred surface. and then 
sift or sprinkle over all a good coating of dry beach sand, te form a firm 
and durable concrete crust. It would be well to roll it across the fire 
again, to help unite and compact the sand and far into a concrete sub- 
stance, but not to set fire to the tar again. 

Coal-tar is absorbed freely when applied to a heated surface, whether 
wood or iron, and as Mr. Crepin says: **sea-water has no action on 
creosoted surfaces,” while the Teredo is effectually repelled by it. Raw 
coal-tar applied to the bottoms of iron-hulled vessels, after the same 
have been well cleaned and dried, immediately after heating the metal by 
means of a brasier, is the best known preventive of oxidation and pres- 
ervative of the metal. The coal-tar enters and fills the pores of the 
metal when expanded by heat and prevents oxidation. The bottoms of 


Mr. Morgan's iron-hulled Texas stexmers are, and have been tor a number 
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of years, periodically coated and protected in this way, and experience 
has fully demonstrated the value and reliableness of the method, 

Cast-iron water-pipe if immersed in coal-tar while hot, have their 
pores filled and are coated outside, in such a miumer as to prevent oxida- 
tion and preserve them when in use. Cast-iron, when to be used in or 
under water whether fresh or salt, would be protected from oxidation. 
by immersing the castings while hot or after being reheated, in coal-tar. 

In like manner, timber can be partially creosoted by heating it. m 
the process of charring, as above deseribed, or sufficiently so to protect 
it from the Teredo, particularly if in combination with the same, a con- 
crete coating of sand and tar is formed outside. 

In conclusion, it may be said that the cost of creosoting machinery 
as how used and the prices demanded as royalty on existing patented 
processes (34 per thousand feet board measure of timber or limber to 
be treated, in addition to the cost of machinery, was demanded of the 
writer), are in most cases, simply prohibitory. Cheaper and more expe- 
ditious methods wre much needed, and it is hoped that some light has 
been thrown upon the subject in this paper. 

A singular but a very good and substantial wharf las, it is said. been 
constricted of saw-mill slabs as they come from the mill, at Pensacola, 
Florida, by the proprietors of a saw-mill at that place. For a fixed 
width, the slabs are placed endwise on the bottom of the bay as nearly 
perpendicukuly as they will stand. As new slabs are added to the 
front, the wharf is gradually extended from the shore line outwards into 
deeper water ; longer slabs being used as the water deepens. The whart 
is therefore nearly one solid mutss of pine shabs, covered and filled in, 
probably, with saw-dust. 

The writer is informed that the 'Teredo has perforated the outside 
slabs. at the sides of the wharf, fora foot or more into the wharf, but 
that all the inner portion is untonched, and, judging by what is known of 
the habits of the Teredo. this must be a correct statement. 

The Teredo ianst lave » connection with—in order to breathe aud ob- 
tain his sustenance fromu—the pure afrated salt water outside of his gal- 
lerv. Within such a wharf—through which there would be no current— 
the water would not be pure, and the animacules on which the Teredo 
feeds could not, without a current, enter ; therefore it is probable that the 
Teredo would only work near to the outside. 

Mr. Francis Cotiincwoop.—L have been much interested in this 


paper, since it gives us reliable information on the ** ship-worm”™ from 


a locality where its ravages are the greatest. 
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Mr. Bayley incidentally Inentioned ar port mide the Amster- 
dam Academy of Science: a full abstract of this will be found im Van 
Nostrand’s Magazine. Vol. TV, page 466, desire to call atteution to a 
report of experiments mule in) Norfolk harbor, by order of the United 
States Government : the conclusions from which will be found in the 
Annual of Scientitie Discovery for 1857. Boxes and enbes of wood of 
various kinds (both proteeted and unprotected) were placed in the 
water, and subjected to trequent examinations. 

The conelusions reached were as follows. Not a trace was discovered 
of the animal before June 20th, nor of any beginning to work later than 
September 2th. The animals at first appearance seem to be pertectly 
formed, and during the summer reach a length of 6 to 12 inches, and a 
diameter of {th inch. The cold weather usually destroys them, although 
sole spechmens always live through ¢4he winter. In Charleston harbor 
they develop through nearly the whole vear: in New York harbor the 
season Is somewhat shorter, while at Boston and Portsmouth the worm 
does but little damage. Their ravages are always less in muddy than in 
clear water, free from filth; and they cannot live in stagnant water. 
They never bore through one plank or board, except when it is in close 
contact with another. The bark of trees is a protection where it is en- 
tire. Other conclusions are the same es those stated by Mr. Bayley ; 
the animal being microscopic, the entire surface must be completely 
covered to prevent its attacks 

The Seely process for creosoting is recommended as the most reliable 
of all. By this, the wood is placedin a bath of creosote oil, and ex- 
posed toa temperature of about after the water has been « pelled, 


the hot oil is quickly i plane eal lyy cold oil: this condenses the steam in 


the pores of the wood, which are then th roughly tilled by the creosote. 
Mr. Asien convenient way to preserve piles in salt 
Water from this worm. without res wing to thi eXpPelsive processes re- 


commended, is. after the pile is driven. to pout a thin easing of wood o1 
sheet metal around it. leaving, beween the two, which 
fill with gravel jn oa short time this will harden and form «a coating 
about th podie Which no Teredo or other kind of worm will put his teeth 
inte i casing of cotrse. wil soon decay or corrode, and disappear. 
Mr. W. Apams.— Does not the preservation of piles in salt 
Water dey nd more on the absence of the ship-worm rather than on 
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any precaution which may be taken?  T understand that in the very 


heart of the timber caisson, lamnched at Greenpoimt, brought down and 
sunk for the Brooklyn tower of the East River Bridge, when pieces were 
cut out to replice what was injured by the tire, a live Teredo an inch 
long, was found. ‘This would seem to show that unless the protection 
or casing is put on before the pile is driven, the worm gets in, and 
though it cannot bi supplied with salt water vet it lives. 

Mir. CoLttisGwoop.—This must be a mistake : it is stated by all those 
who have observed the habits of the Teredo. that it dies when removed 
from salt water, and in the instance cited the water in the caisson must 
have been there a long time and the worm dead, 

Mn. D. Vaw Ju.—At Hoboken ferry there is a section 
of a built-up colmmau, planned by myself for the wharves of this city, 
cased with clay pipe concrete as a protection aginst the Teredo. 
This casing may be bored through by blows of a sledge-hammer, without 
being cracked. Tt would seem to be reliable and cheap when applied to 
columns or piles of large diameter. not liable to spring. 

Mi. Wetcu.— Unless the pile is forced down by pressure as is done 
at Hoboken instead of by blows, it cannot until in place, be protected in 
the manner described. have had much experience with these worms, 
and can contirm what has been said of the effects of fresh water in this 
vicinity. It is the practice with the boats rnuning between New York and 
Amboy, when the Teredo is found at work on one of them, to take it into 
the stream towards New Brauswick. where in from 12 to 24 hours, the 
worms are killed by the fresh water. 

Mr. J. Derrox Sreece.—It is stated im the paper read, that although 
these borers did not penetrate beneath the mud, there was practically no 
lnuit to the depth at which they worked. — Is this so ? 

Mi. have known them to reach inches below the mud, 
tlways entering above. 

Mr. Contuinawoop. They do not euter the pile below the mud, but 
may follow the fibre downward. Lt is stated by all writers on the subject, 
that the worm must be able to reach clear water with its syphons, which 
is the reason why it keeps open the passage it makes. Being a mere 
speck, the smallest break or crack in any protection permits its entrance, 
hence driving nails or spikes over the surface of the timber exposed is a 


failure, 
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THE IMPROVEMENT OF 
THE WATER FRONT OF THE CITY OF NEW) YORK, 


A Paper by Jonx D. Van Buren, Jr., C. E., Member of the 
Society. 


Reap June 10th, IS74. 


CHARACTERISTICS OF THE Harbor. —It requires but a hasty examina- 
tion of the characteristics of the harbor of New York, to prove that its 
natural advantages are unrivalled—-perhaps unequalled—in the world ; 
it possesses every feature desirable in a great commercial port. The city 
is situated at the mouth of a great river, navigable for nearly 160 miles 
by vessels of large size, and forming with its connecting canals and 
the lakes, a broad highway to the far West. Its hay is expansive, and 
land-locked by two great natural breakwaters, Long Island and Staten 
[sland ; its waters are deep and its shores bold. Tt has two broad outlets 
to the ocean, by Sandy-Hook and by Hell-Gate and the Sound. The 
city has 25 miles of water front, within the limits of the island, and this 
has lately been largely increased by the acquisition of territory north of 
the Harlem River ; all of which is available for quay aud wharf purposes. 
The upper bay includes within its ares 13 square miles of safe anchor- 
age for large vessels, and the lower bay about S88 square miles. The 
average rise and fall of its tides is less than 5 feet. (See Appendix I). 

Puystean Freatvres oF THE Istanp.— The lower part of the islind is 
generally formed of sand and gravel overlying granitic rock. The upper 
portion, which is high on the west side, is generally rocky, the rock 
being granite, gneiss, mica-schist and blue-bolders, of a quality fit only 
for ordinary foundations. A considerable depth of black and blue mud 
overlies the sand, gravel or rock of its shores. Figs. 1 to 8, showing 


boring-sections made by Col. Mechan and Maj. Watson of the Depart- 


ment of Docks, give in detail the character of the bottom. At and 
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above Eleventh Street, on the North River, the stratum of mud rapidly 
deepens, until in some places, it reaches a depth of over 100° feet, 
varying in its consistency from that of semi-fluid material to that of stiff 
bine clay. On the East River, hard bottom is reached at more moderate 
depths. Good holding ground for piles obtains, with few exceptions, 
wong the street line as now established from West Eleventh Street to 
Corlear’s Hook. 

The climate, except m extreme winter, is genial, and the surrounding 
country surpassingly rich and fertile. Nature has thus given to New 
York all the natural advantages possible in a conmmercial port, and no 
expensive or difficult problems of construction stand in the way of mak- 
ing its water-front the most available one in the world. 

Historica Norices.—The necessities of the past have established 
and developed the proper general system of docks or wharves for New 
York, without the intervention of any peculiar engineering skill. A 
glance at the history of its development will conclusively prove this. 

New York Ishind was discovered in 1609, by Henry Hudson, sailing 
in the ** Half-Moon,” in the employ of the Dutch East India Company, 
and the first regrlar settlement upon it was a trading post established at 
its southern extremity by Chiristianse, in 1615. The earliest record 
connected with wharves and docks in the city, is one dated 1654, when 


Daniel Litchoe, tavern keeper, was authorized to build a dock on the 
Strand.” / ou the Corp. 


In 1656, the settlement had increased to 2.000 souls, and a brisk trade 
in fur and tobacco had been established with Europe. A map published 
in that year by Dr. Adrian Van der Dunks, shows at least one wharf, 
near the present site of the Battery (perhaps the **dock” built by 
Litchoe). ++ There was an ordinance passed in 1660, which recited that 
the Burgomasters had received permission from the Director General to 
take a certain sum from shippers and owners for the erection of a pier 
for the accommodation of the (lied. ) 

In 1672, the province of New York owned 6 ships of 100 tons bur- 
then, trading with Europe : and in 1676 a new dock was built and paid 
for, by a tax levied on 301 merchants. Tn 1696, the merchant marine 
unounted to GO ships, 40 boats.” and 62 sloops, and the houses num- 
bered 594. In the Dongan Charter (1686) we tind mention of ** the 
* bridge into the dock, the wharves or docks and their appurtenances.” 


On the map of 1695 (the oldest on record here), there appears’ an en- 


closed dock just east of Whitehall Street, with a bridge or pier running 
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into it (undoubtedly the one referred to in the charter of 1686), and 
another at the foot of Wall street, marked as the ** new dock.” It ap- 
pears then that so far back as 1686, the city had a dock system established. 
The assessed valuation of city property was then about £75,604. 

In 1728, the dock system, as shown by a map of an actnal survey 
made by James Lyne, consisted of alternate narrow slips and broad 
* keys” or moles, only 4 jetties or wharves appearing (on the North 
River). This system extended up the shore of the East River from the 
Battery, for nearly one mile, and furnished a very short wharf-line for 
the extent of water frontage oceupied, on account of the great distance 
between the slips. 

By the year 1782. as appears from a map by L. Hills, the dock system 
had been entirely changed. A largely increased, active and localized com- 
merce, requiring a greatly extended wharf-line within « limited extent of 
water front, necessitated the adoption of the present system of narrow 
wharves and slips, by which the largest available wharf-line can be ob- 
tained with the shortest water frontage. The keys or moles had al- 
reuly been built upon, and the wharves thrown out just as now. The 
system had also been developed along the Hudson River for a consider- 
able distance. The process of filling out into the two rivers had also 
been commenced and had rapidly progressed. "To give an idea of the 
extent to which this has been carried since the carly days of the city, it 
may be remarked that in 1687, Water Street, on the East River had not 
yet been built ; and its inner line coincided with the low water-mark of 
that date, just east of Whitehall Street. In 1739, high water-mark on the 
Hudson River was 0 feet east of the easterly line of the present Green- 
Wich Street at its southerly end. 

The plin of construction of the early wharves, where hard bottom 
could be reached at ordinary depths, consisted in alternate cribs of 
wood filled with stone, and bridge-ways of from 10 to 20 feet span. 
Where holding ground for piles could be found, undoubtedly piles were 
in many cases used. The retaining walls or ** bulk-heads ” were con- 
structed of cribs, as now, but the carpentry was of the rudest kind. 

The ordinances of 179 and 1796, and the Legislative Acts of 1798, 
and of 1813, amending the same, established South and West Streets as 
the exterior limits of the city along the rivers, giving a width of 70 feet 


to each of these streets. By the above mentioned Acts, the city authori- 


ties were empowered to alter and extend along the shore these streets as 
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they deemed best, so as to accommodate them to the sinnosities of the 
shore lines and the growth of the city. These two Acts were still in force 
in 1853. By them authority was given to the city anthorities to build 
wharves, bulk-heads, &e.. and to alter them as they deemed best. 
Numerous supplementary Acts were also passed regulating the lines of 
the avenues along the northern portion of the city. 

Under the Act of 1855, a board of Harbor Commissioners was ap- 
pointed by the then Governor, to establish the bulk-head and pier-head 
lines of all the shores belonging to the city. The lines established by 
them are known as the Harbor Commissioners Lines of 1857, and were 
the legal lines until those of the Department of Docks were adopted in 
IN71. 

For many vears (indeed from the earliest dav) the management of 
the wharves and slips belonged to the burean, or department of the 
city government, having control over the streets. For want of adequate 
appropriations and proper care, they were generally in a delapidated con- 
dition ; unsafe, unsightly and ill-defined. Many of them belonged to 
private parties, grantees of the corporation, who often did not receive 
sufficient revenue from wharfage to pay for repairs. 

In 1867, under the Mayoralty of John 'T. Hoffinan, the Commis- 
sioners of the Sinking Fund appointed a Board of Examiners to esti- 
mate the value of the wharf property belonging the city, and to devise 
a plan for its improvent. They proposed certain repairs and extensions, 


and reported the following schedule of valuations and costs : 


Present value of wharves, piers and slips owned by the city.................0.5. $15,793,500 
Cost to repair the same.......... $1,119,185, Value when repaired.......... $18,707,400 
Cost of extending as proposed. ... $791,550. Value when extended.......... $20,377,100 


This estimate covered the value of the structures themselves, and did 
not include the value of the lots upon which they stood. The present 
value of these structures will, at least, reach 320,000,000. 

The increasing demands of the shipping interests for better wharf 
accommodations, wad increased facilities for tran-shipment of freight, 
&e., at last caused the Legislature of 1870 to organize a Department of 
Docks. The government of the department was vested in five commis- 
sioners. They were to determine upon a plan of permanent improve- 
ment of the water-front ; and the administration of all the wharf prop- 
erty belonging to the city, and the regulation of the whole water-front 


devolved upon them. 


This was the first successful step towards the adoption of a plan of 
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permanent improvement of the water-front. The Engineer-in-Chictf 
appointed by this Board was Gen. George B. McClellan. The following 
extracts from his report gives the conclusions reached by him after a very 
careful study of the question—* Bearing in mind the relative tonnage of 
“the ports, as shown in this statement, also the extremely moderate 
‘variations of the tide here, as well as the fact that our rivers and bays 


‘afford excellent and spacious anchorage grounds and a natural water- 
‘front incomparably superior to that of Liverpool or London, it is evi- 
‘dent that there is no necessity for our resorting to the English system 
‘of enclosed docks ; it is safe to sav that, without reference to its exces- 
sive cost, such a system would be absolutely pernicious here. From 
‘what has been already stated, it is clear that the arrangement best 
‘suited to our wants is a continuous permanent river wall, so located as 


‘to widen the river street very considerably ; with ample piers project- 
“ing from it at sufficient intervals, and so covered as to afford security 
‘against the weather, tire and thieves, wherever necessary. This is the 
simplest, most convenient, and by far the most economical system that 
‘can be suggested. [t brings into play all the extraordinary natural ad- 
‘vantages of the port, and it affords every facility for the cheap and 
‘rapid handling of vessels and their cargoes.” 
“In brief the general system proposed is :—First. To construct a 
‘permanent river wall of Jefon and masonry, or masonry alone, so far 
* outside of the existing bulk-head as to give a river-street 250 feet wide 
° * along the North River, 200 feet wide on the Rast River from the Battery 
‘to Thirty-tirst Street, and 175 feet wide north of that point. Second. 
*To build piers projecting from the river wall of ample dimensions, 
“adequate construction, and so far as possible, affording an unob- 
‘structed passage for the water. Third. Whenever it is necessary, to 
‘cover these piers with substantial sheds, suitable to the requirements 
each case. 
Tn carrying into execution the proposed improvements along the 
*water-front of New York, it is obvious that they should be extended 
‘only as the requirements of the commerce demand. The commerce of 
‘New York is now accommodated by the following extent of wharf faci- 
*lities, viz—North River from the Battery to Sixty-first Street, a bulk- 
‘head with an aggregate length of 23,163 feet, and an aggregate length 
‘Sof piers of 51,229 feet, with a pier aren of 1,606,024 square fect ; East 
‘River from the Battery to Fifty-first Street, 26,494 feet of bulk-head, 
‘and an ageregate length of piers of 19,159 feet, with a pier aren of 
“716,644 square feet. Thus the bulk-head and piers together give a 
*wharf-line of 150,395 feet, or 28) miles, with a plier area of 2,522,668 
‘square feet. By wharf-line is meant all that portion of the river wall 
‘wnd piers that vessels can approach, Considerable portions of this 


*whart-line are practically useless from insufficient depth of water and 


‘other causes. The proposed arrangement of the water front, including 
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*the new river wall and a far better disposition of the piers, gives on 
**the North River from the Battery to Sixty-tirst Street, a river wall line 
‘of 27,745 feet and a pier length of 37,529 feet, with a pier area of 
3,325,600 square fect; and on the East River, from the Battery to Fifty- 
* first Street, a river wall line of 27,095 feet, and a pier length of about 
£28,000 feet, with a pier area of about 1,780,000 square feet. 


* Thus, in the proposed system, the pier and river wall together will 


‘give a wharf-line of about 195,000 feet, or about 37 miles, and the piers 


alone will have an area of about 5,105,000 square feet, suflicient, it is 
‘safe to say, to accommodate a commerce vastly greater than that which 
“now finds its way to the water-front of New York. It would thus ap- 
‘pear that, fora very long time time to come, it will be necessary to 
“extend the new system over a portion only of the water-front between 
** Forty-tirst Street, North River and Pifty-first Street, East River.” 

It will be observed that the general system adopted in IS71 is the 
same which the vecessitics of the past had already established as the proper 
one for New York, even as far back as 1782, viz.: a system of narrow 
wharves and slips, affording the longest wharf and quay-line for the short- 
est extent of water-frontage, combined with readiness of access. This 
plan was adopted by the new board of the Department of Docks in 1873, 
upon the recommendation of Gen. Charles K. Graham their Kngineer- 
in-Chiet, and the operations now carried on by the department are 
governed by it. 

There can be little doubt among engineers who have studied the 
question, of the wisdom of adopting this general plan. In regard 
to the details there will probably be a diversity of opinion ;_ this, 
however, is likely to be limited to the question of wharf construction, 

* In order to give a general idea of the importance of the interests most nearly concerned 
in the development of a proper wharf system in New York, the following extracts have been 
taken from the last report of the Chamber of Commerce (1872-73), compiled from the official 


reports of the Secretary of the Treasury, and the Chief of the Bureau of Statistics on Com- 
merece and Navigation: 


Av THE or New York. 


Year. FOREIGN EXvortTs. Domestic Exrorrs. 
1860 $255,002 41 S17.514 080 
| 820 15,161,218 270,413,674 


Potal annual tonnage of Port of New York in 1872 
Engaged in foreign Trade. Engaged in coastwise Trade. 


toms, ............ 1,754,810 tons 
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for there can be little question that the most satisfactory plun of 
establishing a pernviment ricer siccetis to limit it by a wall of masonry. No 
other plan is sufficiently durable, nor can be even temporarily sutistactory. 
Our present wooden bulk-heads are constantly sinking, sliding out, and 
overturning and filling up the river, and besides, owing to their situa- 
tion, they rapidly decay and are unsightly. They, in a few vears, cost 
the city more than a masonry wall. 

Tue River Wate recommended by Gen. MeClellan, and adopted 
by the present department, is composed of below blocks weighing from 
25 to 50 toms each, extending from the foundation to within about 2 fect 
of low water-mark, and above this level of concrete laid fe mess, faced 
With ashlar granite masonry. ‘The section of the wall is shown Figs. 5, 
9-10. The idea of using large blocks for this work is due, believe, 
entirely to Gen. MeClellan, and the late operations of the departinent 
show that the plan is an exceedingly expeditious and cheap one. 

The blocks are composed of—by volume—1 part of Portland cement, 
2 of sand, and 5 of stone (Bergen trap), broken to pass through a 2-ineh 
ring. These proportions have lately been changed to 1 part of cement, 
2} of sand, and 6 of broken stone. When concrete is laid loose under 
water these proportions are changed respectively to 1, 2 und, 3 or 4 parts. 
The resulting weight of the blocks is from 150 to 152 pounds per cubic 
foot. The crushing strength, as determined by the writer In IS72, is 
after S months from 944 to 1,666 pounds per square inch, and after 6 


days from 527 to 1,055 pounds per square inch 


The blocks are laid by means of a floating derrick of ** Bishop's” 


plan, designed by Mr. Isaac Newton of this city, a very complete and 
excellent machine—sketched, Fig. 11. The performance of the derrick 
on the Christopher Street section, this year, has been as follows : 
23 blocks of 50 tons, weighing 1,400 tons. 
1,350 
\ total of 1,780 cubic yards, 
laid in 18 days, in 14 feet of water. The total time occupied in loading, 
transporting, and laying was 29 days. The maximum performance 
was 14 blocks, weighing from 25 to 50 tons, laid in one day of 10 
hours. The total cost of loading, transporting and laying in 14 feet of 


* There are cases of comparatively recently constracted bulk-heads within the limits of the 
city, below Fortieth Street, where these structures have slid out nearly 15 tect. 
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water, will not exceed 31.50 per cubic vard, including interest on cost of 
derrick, and wear and tear. ‘The cost of the blocks, exclusive of rent of 
yards, is about 312.50—with cement at 35 per barrel, the material alone 
costs $8.50 per cubie yard. It does not cost the city, considering «// ex- 
penses, over S16 per cubic yard 

The wall is founded, as the bottom requires, on rip-rap, or piles—gen- 
erally the latter. In laying the blocks on rip-rap, the foundation is first 
levelled off with broken stone, and over this about one foot of concrete 
is laid and levelled by divers : a sweep resting on two gnide-boards, laid 
on the extreme edges of the foundation, being used for the latter opera- 
tion, The blocks are then laid by means of the derrick, a light frame of 
wood supporting two vertical enide-rods being placed on the top sur- 
face as the block sinks : the alignment is made altogether by means of 
these rods, which project above the water. Figs. 12-16. The blocks 
are then loaded with about twice the weight they are to bear, for some 
months before the superstructure is added. 

The pile foundation is cut level with a cirenlar saw as usual, and the 
piles are then packed round with broken stone and concrete. In this case 
the blocks are not weighted. 

A section of about 900 feet of this wall is now in process of construc- 
tion between Christopher Strect and West Eleventh Street, in conjune- 
tion with the corresponding piers (which are of wood), built for the 
* White Star Line” of steamships ; another section of it was completed 
at the foot of Battery Place last year. It may be remarked that on the 
section built there, the blocks were forced down by the weights nearly 
one foot, sinking, however, very evenly. In this case the bank of rip- 
rap was about 30 feet in height, and carefully put in with large and small 
stones ; the bottom had previously been dredged down to rock and firm 
sand or gravel. 

Wuarves.—The question of wharf construction is in a great measure 
distinct from that of the building of the river streets. These streets are 
built for the use of the whole community : the wharves are built for a 
special interest—the shipping interest. The cost of building the river 
streets therefore shonld evidently be borne by the whole community, 
i. ¢., the city should pay for their construction and maintenance : while 


The writer has always contended that the cenfra/ portions of an embankment of rip-rap, 
upon Which masonry is to be erected, should be well rammed by a heavy weight, which can 


be operated with an ordinary pile-driver. At the Battery this was partially done : no notice- 
ible settlement has taken place in this section. 
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on the other hand, the shipping interest should be required to pay for 
the construction and support of the wharves of the city which are built 
for its special accommodation, and a moderate rent for use of the water- 
front, which should be applied to the extension of the wharf system. 
But it could not be a sound or just policy to exact from the shipping 
interest more revenue than is required to pay for and support the special 
facilities afforded it. ‘To do so, would be to introduce a system of un- 
equal taxation, discriminating between portions of the same community; 
since the merchants pay also their share of general taxes, and the wel- 
fare of commerce—other things being equal—is also the welfare of all. 

The problem then, presented for solution would appear to be: of 
the various systems of wharf construction affording equal facilities for 
the transhipment of freight, which will be most economical for com- 
merce ;—cheap wharves of short durability, requiring very frequent 
rebuilding; or more expensive ones of greater durability; and shall they 
be of wood, iron or stone? 

The question can be more concisely stated thus : Given, the cost and 
lives of various wharves, all satisfying the engineering requirements of 
strength and stability and affording the same facilities, to determine 
which of these involves the least annual outlay for its maintenance. The 
problem can be solved by comparing the rentals which must be exacted 
from the various types of wharves to make them self-sustaining. The 
elements of rental are: Ist. Simple interest. 2d. Accumulating fund 
to pay off bonds issued to pay for construction. 3d. Accumulating 
fund to rebuild at the end of the life of the wharf. 4th. Accumulating 
fund to re-plank and repair. 5th. Accumulating fund to pay for loss of 
rent at each re-building. 6th. Cost of administration (the same in all 
types, and not included in the comparison). 7th. Rent of water-lots 
(the same in all types, and not included in the comparison). 

Appendix IT* gives estimates carefully made by the writer, of cost 
and lives for the principal types of wharf construction. The costs of the 
wooden and stone structures have been tested by actual practice in the 
city. The standard dimensions in the comparison will be taken: 
length 500 feet, width 60 feet, and depth to firm bottom below dock 


from 50 to 60 feet. Considering them in order, we shall find the rent: 
*Dimensions of wharf, 500 by 60 feet-<30,000 square feet of deck. Safe load-—-610 pounds per 
Square foot of deck. Factors of safety—for wood—10 for beams, 5 for piles—for iron, 5 to 6. 


Depth of water at low tide, about 25 feet. Rise of tide about 4.63 feet. Bottom—mud and 


clay, overlying sand and rock, Assumed depth from deck to hard bottom, 50 to 60 feet. In 
each case the cheapest practicable span is taken. 


/ 


.—Natural Wood—Cost, $43,000: 

3d. Accumulating fund to rebuild (15 years). ......... 1,711 00 

4th. Accumulating fund to re-plank, Xe. (5 S70 00 

Sth. Accumulating fund for loss of rent at cach rebuilding ($2,500 every 15 


26,147 00 


.—Treated Wood—Cost, $60,000: 
ist. Simple interest........... $4,200 00 
2d. Sinking fund to pay bonds (30 years)....-......ccccesecsccccccccscccecs 636 00 
3d. Accumulating fund to rebuild (35 432 00 
4th. Accumulating fund to re-plank, &c 471 00 
Sth. Accumulating fund for loss of rent at each rebuilding ($2,500 every 35 


$5,757 


3.—Natural Wood—Cost, $87,000. (Best possible construction): 
2d. Sinking fund to pay bonds (30 922 00 
3d. Accumulating fund to rebuild (15 years)..........0..00ecceeceeeeeeeeeee 3,463 00 
4th. Accumulating fund to re-plank, &c......... eceeccccccesevcecvcccesoccs 870 OU 


5th. Accumulating fund for loss of rent at each rebuilding ($2,500 every 15 


$11,445 00 


-—Treated Wood—Cost, $106,000. (Very best possible construction): 

2d. Sinking fund to pay bonds (30 ee eves 1,124 00 
3d. Accumulating fund to rebuild (35 years)................ Coss 763 00 
4th. Accumulating fund to re-plank, 471 00 


5th. Accumulating fund for loss of rent at cach rebuilding ($2,500 every 35 


29,796 00 


5.—Iron Screw Piles—Cost, 2187,000: 
lst. Simple interest. $13,090 00 
2d. Sinking fund to pay bonds (30 1,982 00 
3d. Accumulating fund to rebuild (50 years). ... 467 00 


4th. Accumulating fund to re-plank and paint 1,471 10 


Sth. Accumulating fund for loss of rent (35.000 every 50 years)........... : 13 00 


$17,023 00 
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No. 6.—Cast-iron Columns filled with Concrete—Cost, $367,000: 


2d. Sinking fund to pay bonds (30 3,800 00 
3d. Accumulating fund to rebuild (50 917 60 
4th. Accumulating fund to re-plank and paint.................-..00205 eee 1,471 00 
Sth. Accumulating fund for loss of rent (50 years)...... Is 


E51.086 00 


No. 7.—Masonry, Concrete and Granite—Cost, $450,000: 


2d. Sinking fund to pay bonds (30 years)............ 5,220 00 


3d. Accumulating fund for repairing, dc. (15 years 650 00 


S37.370 008 


In the above comparison, it appears that in a very large ratio, the 
wooden structures are more economical than the others. No. 1 is the 
cheapest structure that will satisfy engineering requirements, and No. 
4 is the best possible wooden structure. It also appears that if the 
wood could be artificially preserved at the cost of the estimates (about 25 
cents per cubic foot), so as to last 35 years, the structure would prove 
cheaper than those constructed of natural wood. The type of structure 
therefore which will prove most economical and satisfactory, is that 
lving between No. 2 and 4. The inner portion might be made of 
the type of No. 2, and the outer portion or pier-head made of the 
type of No. 4. The comparison will continually grow less favorable 
to the wooden structures, as labor and interest rates grow cheaper and 
wood becomes more costly. 

Lives or Wuarves.—It will be observed that a very important 
element in the above comparisons, is the //fe of the structure. In regard 
to the life of natural wood waprolected, it will be admitted that from 10 
to 15 vears is all that can be counted upon, even with the best of timber 

used as itis in wharves. A personal mspection of the wharves of the 
city and records of other similar works has established this: and 15 
vears has been taken as the life beyond which «a wharf built of unpro- 
tected natural wood will not be worth repairing. The data set forth in 
the report of Gen. Cram, U. S. Engineers, to the government, on the 
* Preservation of Wood.” and other similar reports, prove that wood can 
be artifically preserved, so that its life will be extended beyond 30 vears, 
even perluups to 4) vours. In fact the life of the timbers in wharves 


ik merely oiled or paincod annually, after they have become seasoned 
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and dry during the heat of summer, taking care to seal all joints with 
pitch —can certainly be doubled. Indeed there is no reason why with 
proper care these timbers, excepting the deck, should not last as long 
ws those of houses. It would perhaps be best that the bottom faces be 
left uneoated for several years, so as to leave free egress for the moisture 
anil 

The lite of a wooden wharf will, however, depend mainly upon that 
of the sub-structure, the piles or columis. Creosoting, if well done, 
will effectually preserve them against the worms for perhaps 30 years. 


A process which promises success, is to construct the columns or piles 


f 4 square timbers, each LO by LO inches, or 12 by 12 inches in section, 
bolted and trenailed together, and to protect them above the mud-line 
with a clay pipe filled in with conerete : the outer columus could be 
protected by iron casings: a casing of cast-iron similarly filled, also 
furnishes an excellent and sure protection. The sea-worms (Teredo 
Navalis). never eat below the miud-line; nor are their ravages severe 
when the water is dirty or impregnated with the refuse of gas-houses 
and sewers. From a careful examination of this question by the writer, 
it appears that the life of an unprotected oak, pine or spruce pile along 
the shores of New York Island, is from 8 to 10 years, at points where 
the water is clean, and at least 15 years along the greater portion of the 
shores, and ont from 100 to 200 feet into the stream. The ravages of 
the worms of late years have been greatly diminished by the sewerage 
and refuse of gas-houses flowing along the shores. There are cases 
where the piles have been standing along the shore for 20 to 30 years, 
wand remain comparatively free from the worms. 

Submerged bolts and other wrought-iron parts are generally badly 
corroded in less than 20 vears; the corrosion taking place in lines 
parallel with the fibres. Certain kinds of cast-iron could, perhaps, be 
made to last 50 years; but already authentic rumors are afloat that our 
cast-iron light-houses are materially injured by corrosion ; 50 years is a 
generous allowance and probably greatly exceeds the average life of cast- 
iron in salt-water. Lt is very doubtful whether any type of iron wharf 
will pay by its increased durability, for its greatly increased cost over 
that of a wooden structure. it must likewise be remarked that a 
wooden wharf affords the same facilities as an iron one, and is much 
easier for vessels, 


In the opinion of the writer, it may be confidently asserted that the 


4 
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time for building iron or stone wharves in this city has not vet arrived. 
Such wharves should, if built at all, be introduced very gradually, and 
only by means of surplus funds. The time may come when capital and 
labor will be cheap enough to make it a good investment to build iron or 
stone wharves in this city, but it is far distant. 

The Department of Docks is now building four large wharves of 
wood, on the Christopher Street section, of an improved quality, and 
has nearly completed all of them Another is being built at Canal 
Street, North River. In these structures the Department has not found 
it possible to allow the Engineers to introduce any artificial preservatives 
except external coatings of tish-oil and paint, but in the general char- 
acter and strength of the wood-work and fastenings, every care has been 
taken to make them complete and of the very best quality. The pier- 
heads are the only novel features of these piers: they are constructed of 
built up columns, 20 by 20 inches in section and 75 feet in length, placed 
in rows 12) feet apart and %!) feet apart in the rows. The rows are 
sheathed from low-water up to the girders on both sides, with 5-inch 
planking, the ends of which are protected with boiler plates. ‘The heads 
of the columns are securely framed into the caps aud girders. ‘The piles 
used in the pier, some of which are 9% feet long, are driven in rows 8 feet 
apart, 5 fect apart in the row, and securely braced. The square timber 
is 12 by 12 inches in section. The columns are likewise braced with 
13-inch rods, extending from the bottom to low-water. 

Much has been said against wooden wharves on account of their 
liabilty to take fire. The same argument conld be urged against our 
wooden shipping, It must also be observed that a wharf is so placed 
that there is little chance of a fire spreading to adjacent buildings : the 
flames being low on the water, would, to catch, have to leap over a water- 
space of 150 to 200 feet, or over a wide river street. The records do 
not show that the city has lost many wharves from fire. 

Renraus. — This subject, extensive in itself, can be only brietly touched 
upon in this paper. A rental could be justly exacted from parties 
making special use of a portion of the quay or bulkhead, for sueh 
employment robs the general public of a right to its free and unob- 
structed use. This rental should not, however, be based npon the cost 
of the river street and wall, but for the reasons before stated, should be 


at the same rate as is charged for an equal extent of wharf-line. A 


moderate ground-rent might also be charged for wharves, for the use of 
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the water lots covered by them, and this should, if exacted, be applied 
to the further improvement of the water-front. 

When wharves are not leased, the established wharfage charges 
shonld be based upon the smount of the rental which should be exacted 
if leased, considering the wharf to be fully occupied during the year. 
The following exhibits the revenues received for several vears from wharf 


property belonging to the city : 


YEARs. REVENUES. YEARS. REVENUES. YEARS. REVENUES. 
1865. S272,415 61 $344,441 52 1871. $402,119 03 
1866. 210,652 37 1869, 341,563 41 IST2 | 423,545 25 
1867. 1870. 358,347 33 1873.* 460,000 00 


Tirtes to Properry atonG THE Warer-Fronr.— There ere many 
difficult questions involved in the acquisition of the property along 
the water-front, claimed by private parties. There are large extents 
of such property in the lower portions of the city. interspersed 
with the lots to which the city lias an undoubted title. By the Don- 
gan Charter (1686). and the Montgomerie Charter (1730), and several 
subsequent Legislitive Acts, all the land from high-water fo low-water 
mark, and the land under water to a distance of 400 feet beyond low- 
water mark along the whole extent of the shores of the East and North 
Rivers, also the land to low-water mark along the Harlem River and as 
far beyond as the streets extended, and jurisdiction to low-water mark 
on its Westchester shore (also certain portions of the shores of Long 
Island and New Jersey), became the property of the city with authority , 
to extend piers from these exterior limits into the rivers. Another grant 
was mide of submerged lands along the Hudson River of about 1,000 
feet in width. aud of varving extent along the East and Harlem Rivers, 
by the Land Commission in IS71. in accordance with the provisions of 
the Act of IS70 which established the Department of Docks. Any titles 
which interfere with those of the city are based upon grants by the Cor- 
poration. A pre-emptive privilege—the first privilege of acquisition only 
—is reserved to the owners of the adjacent lands or lots along the upper 
portions of the shores: that is, nerth of Corlear’s Hook and Charlton 
Street. Unless then, some grant from the city interferes in special 
terms, it may well be doubted whether the city has not a full title to all 


the shore lands beyond high-water mark. 


*Estimated. 
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Coxenusions.—The plan of construction then, which seems to com- 
mend itself as the proper one for the improvement of the water-front of 
New York, is: to construct a quay wall along the river street of béton 
and granite masonry, increasing the width of the street considerably, 
and from this wall to throw out piers of the very best quality of wood- 
work, preserved against decay by all possible means. 

Once establish a broad river street. and good piers built and taken 
care of according to a well-established plan, and it will shortly follow 
that all known means of facilitating the handling and transportation of 
freight will be introduced ly the interested parties, 

The tirst duty of the city is to establish a good and permanent high- 
way of adequate width around the water-front ; all other improvements 
will follow rapidly, and, indeed, could safely be left under certain gene- 
ral restrictions tothe parties directly interested in them. 

It is by no means certain that it would not be sound policy for the 
city to sell all its new wharves as fast as they are built, of course reserving 
a certain special jurisdiction over them. In this way, the capital ex- 
pended upon them would be immediately returned with large increase. 
If there ever was a time favorable to such a poliey, it is now, when the 
city is plunged so deeply in debt. 

These public works should go slowly on, say at the rate of half a mile 
perannum. [Tf in ten vears the wall conld be completed from Grand 
Street on the East River, to West Eleventh Street on the North River. 
its progress would be all that could be desired. "The city would then 
possess the finest dock facilities in the world. 

Mr. Asnpen Wenen: Historical notes were mentioned in this paper: 
one fact, however, was not referred to—the original location of the com- 
mereial metropolis of America was either Amboy or Communipaw. A 
well known historian states that the latter was first selected as the site, 
because the ground was soft and it was a good place to drive piles. 
Now, although Diedrich Knickerbocker may have been wrong in his 
reason. he was corgect in his faet. The right place for the wharves of 
New York is onthe west or New Jersey side of the Hudson river, where 
the railromds end. 

On the average, it costs 82 per ton to take goods fromthe railroads at 
Jersey City across the river to the warehouses, pav the storage and 


then ship them, nearly all of whieh is an wanecessary expense. ‘This 


* History of New York,” by Diedrich Kuickerbooks 
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Induced me to recommened the pureliase of Harsimus Cove-—70 acres of 
good deep mud—at a cost of 31,000,000, where wharves are now being 
constructed, not for New York alone but for America, to which goods 
may be brought from the West, unloaded into warehouses adjoining the 
tracks. stored as long as desired and then put on shipboard, all with- 
out carting or handling. In oa short time the Pennsylvania RR. Co. 
done, will deliver at Jersey City 1,000,000 tons of freight per year, 
whence, by the proposed improvements nearly $2,000,000 will be saved, 
aw considerable item in these hard times. To am now designing a grain 


elevator at) th: 


t point, capable of handling 100,000,000. of Tushels per 


week and with a storage capacity of 4,000,000 bushels. At present, grain 


from the ears is loaded into lighters, taken to Brooklyn, stored and 
then returned in the same way for shipment on the European steamers, 
lat an extra cost of no less than 81.50 per ton which is to be saved, 

There is another and important thing to be gained by locating the 
docks nnd warehouses on the New Jersey side of the river, which I will 
illustrate. Some vears ago Twas sitting with the head of a leading iron 
house in London. in his counting-room. A clerk came in and showed 
him a warehouse receipt and inspector's certiticate > he nodded his head. 
Presently another clerk handed him a cheek, which he signed ; then a 
third clerk whispered something to him. he again nodded his head., The 
clerk went to a shipbroker’s, and returning made a report. ‘The whole 
haul not taken ten minutes. Th exphination, the principal said: New 
York is a village —you cannot do business there —[ was once a whole 
morning engaging ship for a cargo of rails, which we mnported, and 
two or three days vetting at and inspecting them. In the brief time 
you have noted, T have purchased a cargo of rails from Germany, paid 
for them and chartered «a ship to take them to New York.” This, for 
for lack of a warehouse system, would have taken at least a day at this 
port. 

Now, at Comminipaw of which somueh fin lias been made or at Har- 
simus Cove or Hoboken. there should be warehouses for geoods and 
a method of inspection such, that the consignee or owner, could make 
sales as in Lendon upon the warehouse receipts without the buver 
ever seeing the wares —the same as the Duteh grain merchant may never 
have looked upon a tied of wheat. This is the true system, it may be 
established in New York, but this island is not large enough for the pur- 


pose. The lower part of the city is the counting-house of the continent, 
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and there is not room for wharfage. storage and the like. But if there 
was, the difficulty remains that the dock and warehouse must be separ- 
ated at least by a street 250 wide. thus for traushipment necessitating 
handling and cartage twice over, Which on the other side of the river will 
be avoided. 

Mr. J. Durvroxn Sreeve-——Althongh Pam a Penusyivanian. cannot 
see that the whole trade of the great West must pass through my own 
State or New Jersey. An enlarged view of the United States and its 
commercial channels, will show that the principal avenue of transporta- 
tion is on the parallel of the Erie canal—whenee for example, the 
Hoosac Tunnel was built to divert trade towards Boston. Mueh of this 
trade seeking New York will come down on the east side of the Hudson 
and to receive it, wharfs and warelionses will still be required in this city. 

Mi. Francis extensive observations during the 
past winter, T am able to contirm what Mr. Weleh has said of the cost 
of transhipping freight at this port. The expense of handling freight at 
the depots here frequently reaches S1 per ton, and to move it across the 
river, as much more. 

I wish to inquire why American cement is not used in constructing 
the docks : would it not stand the water ? 

Mr. Vax Burexn—FP have tested several kinds of American cements 
without satisfactory results. In the blocks it might stand. but it would 
not when laid loose, which in many cases is required in the foundations. 
Trials, however, with American cements are still being made. 

APPENDIX 1. 


Privcipan Pacts RELATING TO THE Trprs or New York TAKEN 


FROM THE Mar or tHe U.S. Coasr Survey. 1845. 


Establishment of harbor at Governor's Island... hours 1 min 
Height of mean low-water above plane of Ott. 10.5 in 
Height of mean high-water above plane of reterence.......... Sh. ia. 
Mean rise and fall of tides..... 4% os 7in 
Mean rise and fall of spring tides. ................. Sit in 
Mean rise and fall of neap tides.... ° sft. S Tin 
Cross Sectional Areas, Currents 
referred to low-water, Knots per hour 
Hudson River, West I6th street............. 15,528 sq. yds. 1.5.tebb, 1.3 at flood, 


East River, Corlear’s Hook...........-... 6.574 sq. yds. 4 at ebb, 5 at food, 


APPENDIX ITI. 
TABLE OF COSTS OF DIFFERENT TYPES OF WHARVES, BASED UPON ESTIMATES OF THE DEPARTMENT OF DOCKS, NEW YORK CITY. 


Cost ‘ost of Cost of Total 
of lst ‘ Superstruc- Total cost of whart 
Substructure * per sq. ture ture, per sq. cost of Wharf. per sq. foot 


= 
= 


Woodwork of Deck. Woodwork toot of Deck. dwork of Deck, 


xiwor Voodwor F 

DESCRIPTION OF STRUCTURE, : odwork Woodwork Woodwork 

2 Ate ESE ChE Zee toe ZASe tae 

= 

and 2 ry wooden pile wharf. Piles in 3: 2 2 = = = = 

10 fe capped and | 10.0 18,000 27.000 0.60 0.90 000 000 1.10 1.45! 2.00 


t apart. 

*k 5-inch plank. | 
rted by columns formed of | 
inches bolted | 


Sawed 


rows 25 feet ay 
-inch solid oak 


No. 4. 


atural wood, 10 to 15 vears. 


ve low-water: t pier he 25.0 55,000 6 1.83) 2.20 40,000 1 ! 106,002.90 3 
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THE UTICA LIFT DRAW-BRIDGE, 
A Paper by Seuire Wartprie, C. E., Honorary Member of the 


Society. 


Reap 10, S74. 


In IST1, the Legislature of New York passed an act authorizing the 
construction of a swing-bridge over the Erie Canal on Hotel street in 
Utica, for the purpose of enabling heavy loads to cross the canal without 
encountering the steep grades by which the stationary bridges of the 
city are necessarily approached. But the canal being only 59 feet wide at 
that point, a pier in the centre was inadmissible. while a bridge mounted 
on it pier pon the shore, would be so long, and OCCUPY so much room 
When open, that it could not be constructed and used without the abate- 
ment of one or more valuable business stands. This would have in- 
volved an amount of expense, which neither the state authorities, nor 
the citizens to he benetited by the bridge, were willing to ineur. 

In this condition of the case, the writer was cousulted as to the prae- 
tieability of devising a plan of draw-bridge which could be operated 
by lifting up instead of swinging horizontally, whereby the anticipated 
benefits could be enjoved without incurring so expense, and 
cupyving so much valuable space The idea at onee struck me as highly 
feasible, and the suggestion was answered accordingly. 

fn pursuance therewith, the planof a lift draw-bridwe” was arranged, 
for which letters patent were issued about two vears ago. The plan 
thoneht favorably of by parties concerned, an appropriation wis 
made in IS73 for the construction of sucha bridge at the locality above 
named, ands contract entered into therefor. The bridge was crected 
during the last winter. it was put in operation on the opening of naviga- 
tion for the present season, and is how working in a successful and 


satisfactory manner 
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The plan and principles of the structure may be brietly deseribed as 
follows : 

The work consists of a stationary truss-bridge spanning both the 
water-way aud towing-path, supported by 4 corner piers and towers, 
sufficiently high for the suspension of a movable floor or platform under 
the lower truss-chords and to permit the passage of canaltboats under- 


neath the platform—together with other parts about to be muned and 
described, 


The movable platform, extending from the berm bank to the inner 
edge of the towing path, is suspended by iron SUSPeHSIOn rods (one at 
each end of each transverse floor-beam) passing up through the cast- 
iron connecting-pins of trass-chords and inside of the hollow) truss- 
posts, being connected at the upper cnds with wire ropes passing over 
large sheaves or pulley-wheels, and connecting with counterpoise 
weights to balance the weight of the platform. These sheaves are made 
fast to line-shafts, suspended just below and inside of the ipper truss- 


chords on either side of the bridge, so as to allow a segment of the 


sheave to enter a slot on the inside of the post and receive the wire rope 
in its groove at the centre. 

The two line shafts have each a bevel gear-wheel near the centre and 
ut opposite points, into which work pinions mounted on the ends of a 
transverse shaft that serves to connect the two and secure their 
uniform rotation, as well as that of the sheaves mounted thereon. 

The platform being thus mounted and counterpoised, is lowered to 
the grade of the street for the passage of land vehicles and raised for the 
passage of boats underneath, by application to the transverse shaft of 
power sufficient to overcome the friction of the working parts, with a 
vreater or less surplus to act as wn accelerating force. 

The shafts upon whieh the sheaves and gearing are hung are of 
Bessemer stecl 2) inches in diameter, with journals (as large as the bars 
would turn) running in composition half-boxes, and caps to hold waste 
or cloth for retaining oil and to keep the journals properly libricated. 

The sheaves carrving the wire ropes are 3 feet in diameter, and the 
ropes jth inch cexcept end ones, whieh are pth), with 6 strands of 19 
wires eneh and strand in the centre sustain a tension of 

00 to 2,000 pounds exeh. 

‘The suspension rods carrying the platform, have caps at the upper 

ends whieh come toa bearing upon the connecting blocks at the feet of 


the truss-posts when the platform is down, ant sustain the weight of 


passing loads without additional strain upon the ropes or upon the 
sheaves and line-shatts. 

The counterpoise weights consist of 12 cast-iron boxes (6 upon each 
side), Y inches square, with length corresponding to the length of truss- 
panels, weighing about S00) pounds each, and containing about a like 
wnount of pig-iron, These weights have a horizontal position, thus 
forming a continuous chain or series of weights extending the whole 
length of the platform on each side, individual weights meeting one 
another opposite the truss-posts, and each wire rope connecting with 
contiguous ends of two weights, excepting, of course, those at the ends 
of the series. 

It was estimated that the platform, (60 feet long and 18 feet wide) 
would weigh 10 or 11 tons, making with counterpoise, 20 or 22 tons to 
be moved in shifting the draw, with a friction resistance equal to 30 to 
40 pounds to the ton according to the condition of the working parts. 
Hence, there would be required an amount of power equal to 7,000 to 
9,000 foot pounds to effect a movement of 11! feet up or down as re- 
quired in the case in hand. This being regarded as equal to the ordinary 
labor of a man for 2 to 3 minutes, it seemed that 4 or 5 minutes, 
at least, would be occupied in each up and down movement. And, as a 
boat would pass once in 10 or 15 minutes on an average, nearly half the 
time would be occupied in the movements, which was considered highly 
objectionable. It was therefore decided to have the draw operated by a 
power weight, to be wound up at leisure and held in readiness when 
required, for moving the draw in a short space of time. 

For winding up, the plan adopted was a tread-wheel, & feet in 
diameter upon a vertical shaft, with a bevel pinion working into gear 
segments attached to the winding-drums, which run loose upon the 
transverse shaft in winding, and in running down operate by means of a 
dog or catch and a ratchet whee! made fast to the shaft, essentially in 
the manner of the working of a clock propelled by a weight. The first 
design was to use a single weight, winding it in opposite directions to 
produce the opposite movements. But it was finally decided to have 
two weights, one to raise and the other to lower the draw. These could 
be both up at the same time, and the two movements made in quick sue- 
cession, When desired. 

The operating weights were designed to have about twice the power 
required to overcome friction (the one half to act as an accelerating 


force), and to run down at half-movement of the platform, the latter 
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half-movement to be effeeted by the acquired momentum of the plat- 
form and counterpoise ; in the meantime, the friction acting as a brake 
to gradually destroy the impetus, and bring the apparatus to a stop 
without severe concussive shock. 

It was roughly estimated, that having a force of about one pound to 
each 50 or 60 pounds to be put in motion, a space of about 3 inches 
would be described by the platform in the first second of time, ) inches 
in the second, 15 inches in the third, &e., and thus the half-movement, 
about 6 feet, would require a little less than 5 seconds, with a maxi- 
mum acquired velocity at mid-movement, of about 2) feet in a second, 
while the friction, being about equal to the accelerating force, would re- 
tard the motion during the last half-movement, giving equal velocities at 
equal intervals from the beginning and end of the movement. Thus 
the whole movement would be ettected in about 10 seconds, which is as 
short a time as was deemed desirable for the purpose. 

The result expeetod then, was a draw-bridge allowing sufficient head- 
room for canal-boats, taking up no more space than a stationary bridge, 
and which could be operated by the moderate labor of a single man 
during about 2 minutes for each movement, and which would not 
oceupy more than about 10 seconds in performing the actual movement. 
The practical demonstration was that while the time occupied in’ the 
movement is nearly as estimated, being about & or 9 instead of 10 
seconds ; the labor of winding, instead of 2 or 3 minutes requires less 
than one minute, and with a slight degree of active exertion may probably 
be performed in jths of a minute. 

It becomes therefore, a question (which can be better answered after 
further experience), whether it were not better to dispense with the 
power weights and move the draw by direct application of power, thus 
reducing cost of construction, simplifying the process of operating the 
draw, and diminishing the liability to mistakes by the operator, even at 
the cost of a trifling loss of available time in the use of the bridge ? The 
difference between the actual and estimated time of winding up the oper- 
ating weights, results partly from the fact that the platform is lighter, in 
consequence of spruce floor plank instead of hard wood having been 
used, whence the mass to be moved is several tons less than estimated ; 
but chietly from an under estimate of the force a man is able to exert 
for a short time, ascompared with his ordinary continued labor. 

In conclusion, T will only remark that this plan of draw-bridge (ap- 


plicable to railroad or common street purposes) is, of course, solely 


194 


adapted to canal navigation, where boats require a head-room of 12 or 
14 feet in height only ; and for sach use it seems clearly to possess the 
following advantages over other plans : 

1. It does not obstruct the navigable channel like a swing-bridge on 
a plier in the centre of the canal. 

2. [t occupies much less space than a swing-bridge mounted upon a 
shore pier, and is less seriously atfected by the action of wind. 

3. It is considerably less expensive in construction ; and 

4. It is more easily managed and worked than any other canal draw- 
bridge, except possibly the swing-bridgwe, with centre pier and narrow 
boat-channels on either side. 

Mr. Asupen writer in this paper mentions, as an 
alternative design, a swing-bridge with pier in the canal, for which 
there was not room.  T wish to say that the pier could as well have been 
on one side, and the bridge extended all the way across the canal. A 
large number of bridges on this plan, 42 feet Jong. are in operation in 
the State of New Jersey. There is, however, no reason why such could 
not be as well made 60 feet long ; nor do they require much room, for 
when swung open as the bridge may be used for part of the towpath. 

Nore.—The following are references to the Plate: Fig. 1, side view : 
Fig. 2, end view; 4, posts; 4, movable platform ; chains 
pinion ; ¢, ¢, pulleys ; transverse shaft; y, and gear wheels; /, 
hangers ; 4, cross beams; /, /, counter shafts winding drum 
ratchet wheel; p, power weight; 7, 7, rods; i, weights, and ., 


openings in posts. 


Exnara.—In LAXXVI, Retaining Walls, an Attempt to reconcile 
Theory with Practice,” on page 72. first column of table. for ** 2S80, 300, 
ke.” read 28 5 and on page 73, twelfth line from top, for 
that,” read “thrust; on same page, text from By ordinary statics 


to nctually required,” should follow calculated lieight on pre- 


ding pute. 
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UPRIGHT ARCHED BRIDGES, 
A Paper by James B. Eaps, C. E., Member of the Society. 


Reap June 10, 1874. 


In a report on the Tlinois and St. Lonis Bridge, in 1868, T ad- 
vaneod the proposition that, for railroad purposes, an upright arched 
bridge could be more cheaply constructed than was possible by the 
suspension system. This postulate called forth soon after, some dis- 
senting views from engineering journals to which T had not, at the 
time, the leisure to reply. 

In this paper T will endeavor to show that upright arched bridges can 
be more economically constructed than is possible by any other method 
whatever, no matter what length of span may be required. As the cost 
of the span (excepting the cost of roadway) will, by any system, increase 
at least as rapidly as the square of the distance spanned, the length of 
spen will be limited in all cases, by financial difficulties, before grave 
chgineering ones are encountered. 

I will first point ont some of the disadvantages of the system adopt- 
ed for the superstructure of the St. Louis Bridge, which was the best 
method of arch construction then known to me, and will respectfully 
venture to indicate such improvements as have suggested themselves, in 
consequence of these diffienlties being so forcibly thrust upon my at- 
tention in the progress of that work. An earnest wish to make these 


and their remedies thoroughly understood, will T trust, excuse in me 


that may sec commonplace or didactic 
15 
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In the St. Louis Bridge the upper and lower members, which con- 
stitute a single rib of the span, are tubular in form, the tubes being each 
18 inches outside diameter. The rib thus formed is 12 feet deep from 
centre to centre of the tubes, and the two lines of tubing are braced 
together by a single triangular svstem of vertical bracing, formed of flat 
bars secured to the tubes at points about 12 feet distant from each other 
throughout the length of the rib, the bars being placed in pairs, one on 
each side of the tubes, and secured to them by pins passing through the 
ends of the bars and the couplings of the tubes. An upper and lower 
line of tubes thus braced constitutes one rib of an arch or span. The 
curve selected for the ribs was, for greater convenience of manufacture, 
the segment of a circle. Each individual tube is straight, the curvature 
of the rib being accomplished at the junction of these individual mem- 
bers, each of which is about 12 feet long. The curve of the rib differs 
from a parabola but a few inches. 

If the effects of temperature could be avoided, and the curve were a 
parabola, an equally distributed load on a rib would, of course, be borne 
by the upper and lower tubes equally, that is, half ou each; and the 
only strain on the bracing would be in transferring half of the imposed 
load to the lower tube. In this case the tubes could be together and the 
bracing dispensed with. We should then have, in the two lines of tubes, 
the least possible section requisite to sustain this equally distributed 
load. ‘To brace the arch against unequal loading, the tubes were placed 
12 feet asunder. 

The medium temperature was assumed at 60° Pah. The effect of tem- 
perature (ranging from — 20> to + 140) Fah.) increases the length of the 
rib about 6 inches. This extension causes the crown to rise, which 
relieves the lower tube of compression at the abutments, and hence that 
tube does not then support any portion of the weight of the rib or the 
load. These are borne wholly by the upper tube at the abutments, 
and hence its section there must be increased accordingly. At 
the crown, the strains are likewise changed. There, however, the /ower 
tube does all the duty, as the upward bending of the rib, relaxes the 
compression in the upper tube at this point, hence the lower one must 
be increased at the centre of the rib to enable it to do this double 
service. It is thus seen that the upper tube at the abutments, and 
the lower one at the crown, must, when the temperature is at its 
maximum, perform the whole duty of sustaining the rib and its load. 


The strains in the respective tubes decrease from these points toward the 


197 


haunches of the arch, where the centre of pressure passes through the 
middle of the rib. At the haunches the compression is borne in nearly 
equal portions by the upper and lower tubes. The extra section required 
by temperature, therefore, becomes smaller in the tubes as we leave the 
crown and abutments. 

These are the effects of expansion. As the ribs are formed for a 
medium temperature, contraction by cold reverses these strains. The 
crown of the arch falls, and the #pper tubo at that point must be re- 
inforeed, because it must then sustain the entire compressive strain, 
which, at medium temperature, is equally borne by both ; while, at the 
abutments, the /ovrer tubes have now to carry all the load. Thus it is 
seen that, both at the abutments and the crown, the upper and lower 
tubes must be each of greatly increased section on account of the 
changes of temperature. 

These changes, in very extreme cases, will probably tend to with- 
draw the one tube or the other from the abutments, as extreme heat 
or cold affects the rib, At the suggestion of my chief assistant, Col. 
Flad, to give greater resistance to a change of form of the rib under 
unequal loading, the skewbacks in which the tubes are fastened are 
rigidly held to the abutments by anchor bolts. Thus, at times, a tube 
at the abutments may not only be relieved of all compression, but may 
bear tension and pull upon its skewbacks, by which an additional com- 
pressive strain may be transferred through the braces to the other tube. 
For this contingency additional section had to be provided at the abut- 
ments in the first two or three tubes. 

Greater depth of the rib would have increased all these strains of 
temperature, and would thas have involved lerger sections at the crown 
and abutments. By lessening the depth, the strains would have been 
diminished, but a more thexible rib, under unequal loading, would have 
resulted. Between these evils on cither hand, after various calculations, 
the most economic and satisfactory results were obtained with 12 feet 
depth of rib. 

A diagram of the strains of the central arch, on which my remarks are 
based, is appended, (Pig. 25). From these it will be seen that effects of 
temperature have compelled the use of a much liarger quantity of metal 
in the ribs, than would have been necessary if these effects could have 
been avoided. 

No one will, | think, deny that the cheapest possible form in which 


steel or iron can be used to span an opening and support an equally dis- 
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tributed load, is the catenary or suspended arch. It is equally evident 
that if an upright arch has the same span, weight and curve of any 
given catenary, the strains in the one form would be no more intense 
than in the other. In the upright arch they would be compressive 
strains, and in the suspended arch they would be tensile ones. In the 
suspended form, the section of metal may be solid; in the upright, it 
must be hollow, tubular, or of some construction that will resist buek- 
ling; but to be of equal strength it must not necessarily be more weighty. 
If either form have an equally distributed load placed on it, no bracing 
will be requisite to preserve its normal curvature. The same load, if 
within the elastic limit of the metal. can be borne by either with the 
same amount of material, Heneo, the only ditference in material required 
for the two systems for any given span and load, must lie in the differ- 
ence of bracing them to resist distortion when wequel/y loaded. I refer 
here simply to the span between the supporting towers in the one case 
and the abutments in the other. Between these points, with the same 
curvature, the sectional areas of each may be the same, under eqnal 
loads. In this [, of course, assume that the iron or stecl can be 
trusted with equal strains in tension or compression. bi compression, 
tubular or other sections are quite capable of sustaining, in wrought-iron 
or steel, all that it is safe to apply in tension if the lengths of the com- 
pressive members do not exceed S or 10 diameters. In the St. Louis 
Bridge however, they are but 8 diameters. 

The section of arch is doubled by donbling the span, and in the sus- 
pension cable it is evident that a long span involves equal sectional areas 
also in the shore spans, or portions between the towers and anchorages. 
Whereas, when the stream is spanned by a long arch, the need of such 
extra section in the shore spans does not exist, because they can almost 
always be short spans. Mr. Peter W. Barlow, C. E., in 1860, published 
a pamphlet on the Niagara Railway Suspension Bridge, from which | 
quote the following remarkably clear explanation of the fact that in all 
known systems of girders, with any given depth, fove fimes as much 
metal is required to obtain the same rigidity as is needed with the arch 
or the cable. 

* Let AC 2B, Pig. 1, represent an arch supported on abutments .1 and 
B, and let the detlection produce. by a given weight, londed equaily, be 
represented by unity. Now, let us consider the effect of making this 
arch into a self-supporting structure, or bowstring girder, by removing 
the abutments and substituting a tie, 1 2B, Fig. 2. 
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** Assuming the same weight, , to be placed equally all over, the de- 
Hection will be 2, the points A and PB being no longer rigid, because the 
tie 1 B will extend as much as the arch «1 @ B will compress. There- 
fore, to produce the same rigidity in a bow string girder four times the 
metal is required as compared with the arch. The same result arises 
inacable A C 2B, suspended from the two fixed points AB, Fig. 3. 

** Tf the back chains are removed, and a compression tube A B sub- 
stituted, the metal is doubled and you have a structure with only half 
the rigidity. The Chepstow Bridge on the South Wales Railway is an 
example of this arrangement. 

* The mechanical combination in the Saltash Bridge is represented by 
substituting the arch A D B for the tie A 3B, Fig. 4, forming a combina- 
tion of ag vension chain and an arch. The arch A 2) C will not per- 
form duty of compression unless it is connected with the chains by 
thefies aa, aa. When thus connected both the cables and the arch 
assist in supporting the weight of the load. The points 4 2 now be- 
come fixed points, and as both the arch and the chains assist in support- 
ing the weight, the deflection will only be half that of the simple suspen- 
sion cable with double the weight of metal. It therefore appears : 

“1. To convert an arch supported on two fixed abutments into a bow- 
string girder, four times the metal is also required to support the same 
weight with the same deflection. 

* 2. To convert a cable suspended from two fixed points into a Chep- 
stow girder four times the metal is required to support the same weight 
with the same deflection. 

3. To convert the same cable into a Saltash combination (which con- 
sists of a bowstring and Chepstow girder combined, so that the hori- 
zontal tie in one case neutralizes the compression tube in the other, by 
which they are both avoided), the deflection is reduced one-half, with 
double the weight of material, or the same weight of material will pro- 
duce the same deflection with the same load, as in the case of the simple 
arch or cable. But this is obtained at the expense of double the depth ; 
and if the arch or suspension cable was of the same depth as the Saltash, 
only one quarter of the metal would produce the same stiffness. 

**In the preceding illustration, the bowstring and Saltash girders 
are referred to—parallel girders are more commonly used—but they pre- 
sent no economy over the simple bowstring, and however perfect their 
arrangement and proportions, they will still require not less than four 
times the metal of a simple cable of the same depth and span to produce 
the same deflection.” 


Enough is shown by Mr. Barlow in these extracts to prove a far 
greater economy in the metallic arch or catenary than is possible with 
‘any truss system known. In practice, however, the chief causes which 
have conspired to lessen this evident economy are: Ist, the bracing re- 


quisite to preserve the form of the arch when unequally loaded ; 2d, 


4 
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the effects of temperature, and 3d, the necessity of heavier masonry to 
resist the pull of the cables or the thrust of the arch. 

I cannot better illustrate the notably small amount of bracing or 
“oirder-power” required to resist the effects of unequal loading in the 
suspended arch or cable than by again quoting from the same distin- 
guished author. Mr. Barlow says : 

“Tf the beam AL, Pig. 5, be divided into two beams by being sup- 
ported at C, the two half beams, A Cand BC, will deflect one-eighth of 
the amount of the entire beam .1 2 with the same weight. Let us 
assume this to be a girder attached to a chain, and a load placed at 1), 
the effect will be to distort it into the shape shown in Fig. 6. The de- 
flection by the weight at 2 will cause a corresponding elevation at the 
point #, and the girder will assume the shape represented by dotted 
lines in the figure, to produce which a foree equal to double that for a 
given deflection on half the beam is required, from which it is evident 
that the wave produced by a given weight at ) will only amount to one- 
sixteenth of the deflection the same weight will produce on the entire 
beam resting on its two ends, 

Tn the above proposition it is assumed that the beam is supported at 
its centre point only; in practice, when attached to a suspension cable, it 
is supported at various points of its length, the difference between the 
wave of a supported girder and the detlection of an unsupported girder 
will therefore be greater than one-sixteenth.” 

‘Tn order to arrive at the result by experiment, T had a model of the 
proposed Londonderry bridge on a seale ,), of the actual span, the length 
being 13 feet 6 inches between the bearings, a length exceeding that of 
the average of the models used by the Tron Commissioners in’ their 
experiments, and is amply sufficient -due allowance being made for 
the seale—to determine the accuracy of the deflections on the actual 
girder. ‘The principal object of these experiments was to ascertain 
the detleetion of the wave of a girder attached to a chain, as compared 
with the deflection of the same girder detached, which being obtained, it 
is perfectly casy to arrive at the detlection of the wave of any required 
suspension girder, because we have sufficient experiments on actual gird- 
ers of various dimensions to obtain the deflection from a given load on 
the same girder not attached toa chain. These experiments gave 2 mean 
result of .',, so that, it being first determined what amount of deflection 
is to be the limit with a given load in a given bridge, you have only to 
arrive by calculation at the sections of metal of a girder of the same 
depth which would deflect 25 times that amount.” 

The eeonomy of a continuous girder, resting on a central support, de- 
pends upon the several supporting points remaining absolutely stable, or 


inline. The sinking of one or the elevation of another, creates extra strains 


in the girder which may destroy all the advantages of continuity. The great 
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economy of girder power theoretically shown by Mr. Barlow is not at- 
tained in any suspension bridge of which T have knowledge, because the 
effects of temperature have not been avoided in their construction. The 
extension and contraction of the cables cause the central part of the 
girder to fall and rise, whilst the ends of the girder remain at a constant 
level. This is not avoided even where the towers are of iron also. Ad- 
ditional strains are thus created in the girder, for which increased see- 
tions are required. These strains can be avoided however, by jointing 
the cables at the centre of the span, and cutting the girder in two at the 
same point. By this means each half length of girder trusses the half 
length of cable to which it is attached. Tf the end of each half girder 
be securely fastened to the central joint, the economy of a continuous 
girder may be attained, becanse the effect of the load in bending the one 
half girder down is resisted by the other, just as it would be if the two 
were continuous. The lowled one deflect withont distorting the 
cable above it, and the cable cannot deflect, without rising where it 
is unloaded, which movement could only ocenr by bending up the un- 
loaded half girder beneath it. In this case the cable must be likewise 
jointed at the towers, as cach half of its length is rendered rigid by its 
connection with the half girder, and the half girders must also be al- 
lowed to expand and contract at the towers. 

Fig. 7 illustrates this method of eliminating the strains of temperature 
from the suspension bridge, and securing the fullest benetit of * girder 
power” with the greatest economy attainable by this system of bracing. 
If Fig. 7 be reversed, as in Fig. 8, the dotted lines will show that exactly 
the same ceonomy of bracing or ‘girder power” is attainable in the up- 
right arch by this method, except that in one ease the vertical connee- 
tions act as //es, and in the other as sfrv/s, and inasmuch as the compres- 
sive strains on the lone strats will necessitate greater sections than the 
tension strains require in the ties, a slight advantage is found in the 
suspended arch. Owing to the weight of the cables, this advantage will 
be increased by a difference in the expense of wind bracing. In this 
last item, the difference will be found to be less, however, than is 
generally supposed. 

This fact may be thus illustrated; if a column of metal be sus- 
pended by its upper end, its weight will resist the deflection caused 
by a current of wind that would blow it over, if standing on its 
bee It must be remembered, however, that if suspended, the 


resistance of the weight is only effective afler the centre of gravity 
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of the column has been moved. When vertical, its resistance is nil; 
the maximum effect being exerted when the horizontal position is 
reached by the column. Therefore to preserve the lower end absolutely 
from movement by the wind, would require as strong a brace or guy as 
would be needed to preserve the same stability at the upper end if the 
column were standing. The case is identically the same in the suspeuded 
and upright arches. The bridge should be braced against all movement 
by wind as far as possible, and hence the stability of the cables due to 
their weight, will not, on investigation, be found to possess as much im- 
portance as has been claimed for it. The plan of spreading the arch at 
its bases, as proposed by Telford in his 600 feet span for the Thames, 
has been applied in its reverse form to the suspension bridge, as a means 
of securing greater stability against wind pressure. Either application 
of this*feature, suspended or upright, involves the necessity of increased 
section in the cable or arch, the supporting power of either being less- 
ened as the plane of the curve inclines from the vertical. The increased 
section therefore involved in this means of securing stability should be 
charged in the estimate of wind bracing. 

The illustration I have given of the suspended and standing column, 
may likewise be referred to here, to show that for rigid structures, the 
weight of the cables in preserving the suspension bridge from a change 
of form under unequal loading is not an element of so much importance 
as advocates of that system claim. Let A 2B, Fig. 9, be a suspended 
arch loaded at ), and C be the point to which the greatest curvature has 
been removed by the load from the centre #, of the span where it was 
when the cable was in equilibrium. By reversing the figure, we see at 
once that in the upright arch, the flattening from .1 to (, increases the 
thrust of that portion against the remainder of the arch, which being 
without load, and of inferior weight, can only be sustained by the 
strength of its bracing or girder power. This change of form in the arch 
lessens its ability to resist the effect of the load, and even increases the 
power of the weight, to further distort it by the additional horizontal 
pressure against the portion ( B, due to the flattening of .1 C, whilst 
the curvature of CB becomes less favorable for resisting this horizontal 
pressure. In the cable, these conditions are exactly reversed. The 
effect of gravity upon the flattened portion tends to resist a further dis- 


tortion of the catenary. The tensile strains in this portion increase with 


the straightening between A and C, and thus equilibrate the effects of 
the load at D. 


¢ 
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If we apply the illustration of the column in explaining these 
phenomena, we see that if a force shall have already deflected the sus- 
pended column, the application of a load to its lower end will tend to 
restore its vertical position, and will lessen the strain on any horizontal 
brace or guy employed to resist the deflecting force ; but if the column 
be placed on end and deflected, the imposition of an additional load 
upon its upper end will tend to overthrow it, and will increase the 
strain on the brace or guy, resisting the deflection. These effects are 
precisely the same with the arch, when suspended and upright. 

If we desire to prevent any appreciable deflection of the suspended 
column from its normal or vertical position, it is evident that we must 
apply the same amount of horizontal bracing to resist the deflecting 
force that would be required to preserve the column vertically against the 
same force if the column were standing on its end, for so long as the sus- 
pended column remains vertical, the resistance due to its weight or that 
of the load is xi/, as before stated, and so long as its vertical position is 
maintained when standing on end, its own weight cannot be added to the 
deflecting force, and hence it will need no more bracing than if sus- 
pended. It is “fer distortion has occurred that the effect of the weight 
of the cable or the arch is felt ; in one case to restore equilibrium, and 
in the other to increase its disturbance. 

For railroad purposes, as well as to insure durability in the structure, 
this distortion, should be prevented as far as possible, and I have no 
doubt with a proper degree of stiffness in the roadway of both systems, 
the bracing of the upright arch can be quite as economically accom- 
plished as that of the suspension cable. Just in proportion, however, 
as we permit greater undulations in the roadway of the bridge, the 
economy of bracing will incline in favor of the suspension system. 

Recurring to Fig. 8: if half the span of the upright arch be loaded, a 
horizontal impulse is given to the arch at the crown, tending to move 
its central point towards the unloaded half. To prevent this horizontal 
movement of the centre of the arch, is one of the most important 
problems with which we are dealing. If the unloaded half be kept 
from curving upward, the movement of the center horizontally cannot 
eceur, and then the undulation of the roadway will be reduced to the 
minimum, Evidently the slightest bending of the girder will result in 
a horizontal movement of the centre of the arch and cause a wave in 
the roadway, hence depth of girder is an important clement in stiffening 


the arch. This movement naturally suggests as an expedient that the 
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ends of the lower chord of the girder be firmly fixed to the masonry, by 
which means one-half of the girder would resist this movement by ten- 
sion, and the other half by compression, which would certainly reduce 
the wave. But owing to the effects of temperature, the ends of the 
girder, at the abutments, must be left free to move horizontally, or 
they will push or pull the masonry to its injury or destruction, 

Another effect will be noticed as a result of the load being on half of 
the span ; see Fig. 8. The top chord of the loaded girder, as well as the 
arch itself, is in compression whilst the lower chord acts in tension to 
resist the thrust from the upper chord; therefore, on this side we 
have two longitudinal compressive members, and as these strains are 
reversed in the unloaded half, we find two similar tension members 
there. It is evident that if the struts were run up to the upper chord 
and tension diagonals were introduced from the top of the first strut at 
the chord, to the bottom of the second one at the areh, and so on to the 
centre, the arch would supply the teusional resistance for the upper 
chord, and the lower one could be dispensed with in the loaded side and 
the tension chord in the other half. This moditication simply substitutes 
spandrel bracing for the girder, and when jointed at the crown, forms 
the system used in the jointed arch bridge at Szegedin. From an ex- 
amination of Fig. 10, which is a skeleton drawing of that bridge. the 
strains of the various members of one of its ribs will be seen, as given by 
M. Ritter, from whose work the drawing is copied. 

The resistance to deflection by this and the preeeding form of 
bracing would evidently be increased by greater depth of girder. In 
the Szegedin bridge the larg* sections of the braces and chords near 
the centre of the structure are dic mainly to the shallow depth of the 
rib, while this depth has evidently boen kept shallow, because of the in- 
creased length require | for the strats and braces. These being alternate 
ly in compression as well as tension, are by economy limited in length. 
The span of the bridge is but 135 fect. Tn a structure of 400 or 500 feet 
length of span these members would be of great length, and hence 
the advantage of depth would be lost by its greater proportionate cost. 

The half girder system of stiffening the arch will be found more 
economic than aay method of spandrel bracing, because vertical members 
only are required between the areh and half girder, whilst greater pro- 
portionate depth is practicable without involving such long compression 


members. But for another important reason, greater economy and 


greater rigidity can be attained by it than by spandrel bra ing. In resist- 
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ing the horizontal movement at the central joint by spandrel bracing, the 
diagram of the Szegedin bridge shows that the chord over the unloaded 
half arch acts wholly in tension. — Its large sections in the central panels 
of the half rib, being about one-third of those of the arch, indieate the 
great pull brought by it upon the unloaded half arch, while stiffening it 
to resist the buekling impulse from the loaded one. ‘This pull increases 
the compression in the unloaded arch, and thus increases the tendeney 
in the central joint to move towards the unloaded side of the strneture. 
When it is remembered thit the deflection of the loaded half depends 
almost wholly on the horizontal movement of the central jomt, it will be 
evident that any system of bracing which, while tending to stiffen the 
arch increases the impulse to move its centre in the direction of the un- 
loaded half span, must be in conflict with economy, at least in theory, if 
not in practice. As the loaded half produces compressive strains at the 
same time in the chord over it, and these by the braces at the central 
joint also tend to inerease its horizontal movement in the same diree- 
tion, resistance to these strains can only be had by increased material. 
These objections do not exist in the girder system, whilst all spandrel 
braced arches are open to them, whether jointed or not. Therefore 
spandrel bracing will invariably prove more expensive, theoretically, 
than girder bracing, for the arch. 

If the chords in the spandrel bracing referred to, be placed Leweath in- 
stead of orer the arch, as in Fig. 11, these objections vanish, because the 
strains are reversed. Under the loaded half they become tensile strains 
wud resist the horizontal movement at the central joint by pulling di- 
rectly against it, and this serves to prevent the spread or flattening of 
that half. By a system of struts, between this member and the areh 
above it, the chord becomes virtually a suspension cable and aets in 
unison with the arch to sustain the load. in the manner of the Saltash 
virder. 

This brings us at once to the most economic solution of the problem, 
of preventing the horizontal movement of the centre of the arch, and as 
sequence, to the most economic system of superstructure that is 
possible. 

If we exwmine the effect of this arrangement on the unloaded side of 
the span, we find the chord here has become a compressive member and 
also resists the horizontal force at the crown. The intermediate strut 


Work acts in tension and prevents the rising of the unloaded arch, as well 


as the fall of the chord. | Exactly such strains in tension as are borne by 
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the loaded chord will be the sum of those borne by the unloaded one in 
compression. On the unloaded side, the arch and its chord or counter- 
arch act simply as a strut to transmit the horizontal and vertical forces at 
the central joint directly to the abutment at the unloaded side. The 
necessity of preventing, as far as possible by any method of bracing the 
arch, any horizontal movement at the crown, should not be lost sight of, 
as it is of the first importance in insuring rigidity. By no method can 
this be so economically accomplished, as by the counter or inverted 
arches shown in Figs. 14 and 15, which give also diagrams of strains of 
a 500 foot span on this plan. 

By reference to these diagrams it will be seen that a notable uniformity 
of section is obtained in all of the members of the structure, a cireum- 
stance very favorable in construction. Perhaps the most remarkable re- 
sult, however, that is developed by the diagrams will be the fact that with 
a steel arch, with maximum compressive strains of 20,000 pounds per 
square inch and all the other members of wrought iron, with 10,000 
pounds maximum strains per square inch, and with 10 per cent. added 
for joints, it is practicable to sustain on a 500 feet span, a moving load of 
2,500 pounds per linear foot by a superstructure weighing (including 
rails, floor bed and everything) only 1,500 pounds per foot. * 

This remarkable result is due— 

1. ‘To the fact that every strain from temperature is completely elim- 
inated. 

2. By combining the arch and cable, great depth of girder or bracing 
is obtained. 

3. No struts longer than one-half the versed sine of the arch are re- 
qured and but few that long. 

4. No great strains, such as are incident in almost every other system, 
are thrown on the struts. When the roadway is suspended beneath 
the arch as in the case of the diagrams of strains (Figs. 14 and 15), the 
compression on the struts is much reduced. 

5. Long struts being unnecessary, a greater versed sine or more eco- 
nomic depth of arch is practicable. 

6. The least disturbance of equilibrium brings every member of the 
structure into play to resist it. 


* The correctness of this statement has been ascertained by carefully estimating the weights 
of the span from detail designs, and calculating the strains induced by the weight of the 
structure and its variously proportioned loads. The result given in Figs. Mand 15, as well as 
the requisite sizes and weights of road-bed, rails, &c., have been all carefully verifiea by my 
friend Col. Henry Flad, and may be accepted with confidence. 
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I will not stop to compare the relative economy of this method of 
stiffening an arch, with that of any girder system as at present applied 
to suspension bridges, but will call attention to some of the facts disclosed 
by the diagram. 

To span an opening 500 feet long with a bowstring girder, and attain 
equal stiffness would involve, as is shown by Mr. Barlow, the use of four 
times as much metal as the arch would require. The average strains in 
the arch in the diagram equal 1060.6 tons of 2,000 pounds, hence a bow- 
string girder would involve four times as much, and would require an 
average sectional area in its two members, equal to the resistance of 
4,242.4 tons. To stiffen the arch in the diagram, an average section in the 
counter-arch is required equal to the resistance of 184.8 tons, or about 
|, part of the weight of the bowstring girder. Mr. Barlow obtained by 
his experiments with models a result of .', as the weight of his stiffening 
girder. The similarity of his experimental results, with those of the 
careful scientific deductions shown in the diagram, seem to me quite re- 
markable. It will be observed that his proposition as to the necessity of 
qnadruplicating the weight of the girder to get the stiffness of the arch 
relates to the sustaining members only, and omits the bracing or web 
needed in all girders between the mpper and lower chords. In his exper- 
iments this was of course included. 

Respecting the relative strength required in a stiffening girder for a 
suspension bridge, as compared with the strength of a girder for the 
sume span snited to bear an wniform load of the same intensity, Rankin 
(in a note, page 375, Applied Mechanies,” 5th edition): ‘* Hence, 
it appears that if the chain be supposed inextensible, the proportion 
borne by the strength of the stiffening girder to that of a simple girder 
of the same span, suited to bear an uniform load of the same intensity 
with the traveling load, ought to be as 0.138 to 1; while if the chain is 
supposed very extensible, as in the approximate solution, that it is found 
to be oor OAS to 1; so that in the intermediate cases that ocenr in prac- 
tice, no material error will be committed if that proportion be made as 
Lto 7 oras 0.143 to 1” 

The wide difference between the proportion of .', obtained experi- 
mentally by Mr. Barlow, and the ! mathematically deduced by Prof. 
Rankin, arises chiefly from the fact that the one relates to s/(fiess, while 
the other refers to s/rength. Mr. Barlow's illustration, shows that 
with double the metal and the same load, the deflection of the bowstring 
will be twiee as great as that of the arch, but as the strains would not 
be increased thereby, it follows that double the metal in the girder should 


the oretically) vive the same strength of the areh, whilst four times the 
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metal is required to give the sume stiffness. After making this allowance, 
however, the proportions of Prof. Rankin are nearly twice as great as 
those of Mr. Barlow. This may arise from difference in the assumed 
proportions of depth and length of girder and chain on which the Pro- 
fessor’s calculations were based, and those of Mr. Barlow's models. 

Leaving this discrepancy to be explained by others, I will point to the 
fact that by the diagram the average strains in the counter arches are only 
184.8 tons of 2,000 pounds, while those in the arch are 1060.6, or 5} times 
as great. Hence, as it requires at least twice the metal of the arch to 
convert it into a bowstring girder of equal strength, it will be seen that 
the girder would weigh eleven and a half times as much as the counter 
arches by which the proposed arch is stiffened, or 65 per cent. less than the 
weight of stiffening girder required for the suspension bridge according 
to Rankin. While the stiffness of the arch over that of the bowstring 
girder is maintained under the whole load, the form and depth of the 
counter arches give far greater resistance to undulation under the move- 
ment of partial loads, than is possible by any practicable depth of stiff- 
ening girder vet proposed for a suspension bridge. 

I am contident that a careful investigation of the system suggested 
and the facts stated, will convince those interested, that it is entirely prac- 
ticable to brace the upright arch more effectually and with equal, if not 
greater economy, than is possible by any known method of stiffening 
suspension bridges; and that the proposed system avoids all the disad- 
vantages resulting from temperature. These two difliculties have hitherto 
prevented the most perfect economy of superstructure from being attained. 
By overcoming them, the cost for long spans is wonderfully reduced, 
compared with the most economic truss systems yet devised. By any 
method of girder construction hitherto known. it is impossible to span a 
clear opening of 500 feet, with less than three times the dead weight of 
the arch on the proposed system, with equal strength of girder and with 
the same material and allowable strain. More than twice the quantity 
would be requisite in any case, but when the span becomes so great, a 
less economic depth of truss must be taken, and the length of truss must 
considerably exceed that of the arch, because the girder must rest upon 
the masonry, whilst the arch rests against it. In addition to this great 
excess in its cost, the girder will have twice the deflection of the arch 
under equal loads. 

The arch, as hitherto constructed, being still much cheaper for the 


superstructure, it is evident that a great saving in the substructure must 
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have existed in the girder systems, to enable them to be introduced 
during the last thirty years in all parts of the world, almost to the exclu- 
sion of the arch. ‘The difficulty of stiffening the arch, and the inconve- 
nient effects of temperature, together with the greater cost of masonry, 
have given the different girder systems a degree of public favor which 
must disappear when these objections to the arch are removed. 

Having shown how the cost of the arch in superstructure may be brought 
to the lowest possible point, by economic and effective bracing and by 
the avoidance of the effects of temperature, I will proceed to suggest 
such methods as will in almost every case, render in combination with 
the arch the economy of the girder sw/strvcture available. Evidently if 
the cheapest possible form of superstructure can be combined with the 
cheapest methods of substructure, we shall have attained the most 
economic system of construction that is possible. 

The greater masonry required for the arch arises solely from the 
horizontal forces resulting from the weight of the arched span and its 
load, and from those which are induced by temperature. By reducing 
the weight of bracing toa minimum, and by eliminating the strains of 
temperature, we not only arrive at the greatest possible economy of 
superstructure, but by thus lessening the horizontal pressure upon the 
masonry to the lowest possible point, we also reduce the cost of the sub- 
structure to a minimum, so far as the arch per se is concerned.  There- 
fore, to reduce still more the cost of masonry and approximate, if not 
equal, the economy of girder bridges in this item, we start from an 
already advanced point in our problem. 

Where timber is abundant, an economic method of saving masonry in 
the piers of arched bridges may be employed where the bridge consists 
of two or more arches, by introducing wooden chords in them against 
the skewbacks or piers and abutments. These wooden chords would 
act in compression only and form a series of compression members in- 
stead of a line of #exsion members or chords from abutment to abutment, 
as in the case of bowstring girders. They need not, however, be in 
compression unless the bridge is loaded. If there be a series of long 
spans together, however, the loading of an arch at one end of the series 
would produce compression throughout the entire line of chords in the 
other arches, and this might shorten those chords so much in the agere- 
gate as possibly to allow the loaded arch to spread too much, and thus 
produce objectionable deflection in the roadway of that arch. In this 
case it would be desirable to make the abutments stronger and put an 
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initial compressive strain in all of the chords of the system by means of 
screws or wedges against one end of each line of chord timbers. 

In a series, for instance, of five arches of 500 feet span each, where the 
maximum horizontal foree of the load is 500 tons on the chords, if an 
initial compressive strain of 400 tons be produced in the entire system, 
from abutment to abutment, when the bridge is unloaded, then this 
initial strain will be taken out of the chords of the first arch so soon as 
it has its maximum load on it, while the compression in those of the 
unloaded ones will be only increased 100° tons, and therefore the 
shortening of those chords would only be one-fifth part as great as if 
they had no initial compression ; hence the detieetion by load on any 
one arch in the system would be reduced accordingly, and would be 
really less than what it would be in an ordinary bowstring girder. In 
this case, the maxim stress on the abutments, when all the arches are 
loaded, would be 500 tons load | 400 tons initial compression — (the 
force from unloaded arches say) 300 tons, making a total of 1,200 tons ; 
while the piers would be subjected to vertical pressure only, and hence 
they conld be as cheap as if for ordinary girders. 

If the timbers were secured together to resist tension, of course the 
colupressive strains would be so much lessened, aud the abutments pro- 
portionately reduced in cost. With such a system of wooden chords used 
only in compression, the repairs of the timber would be very simple and 
easy. The sticks should be squared at each end and butted against each 
other throughout the span, vertical movement beige prevented by the 
connections of the floor beams with the arch, and lateral movement, by 
the wind bracing of the floor, ‘To remove any defective stick it would 
only be necessary to withdraw the wedge, or slack the serew at the end 
of the line in whieh it was located, and by which the initial compression 
was created, and every picee in that line would then be released and any 
one easily removed, 

The initial compression could be so great that no tension could be 
produced in either chord by wind pressiure, and hence no jointing of the 
sticks together would be necessary to resist wind. 

The track stringers and every longitudinal timber in the ftloor-way 
could be thus utilized to resist the thrust of the arches, and in this way, 
where timber is cheap, a very durable and economic structure can be 
ereeted. As no thrust in such a bridge can come on anything but the 
abutments, and as these can generally be located on the high banks of 


the stream, the cost of the entire substructure would exceed very slightly 


that which would be required in a truss bridge with spans of equal 
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length. It would probably be best to make the arches of such a series, 
uniform. The thrust at the abutments will be the same whether there 
be but one or many arches in the system. The stress on the chords 
(except initial) would be due entirely to the unequal loading of the 
various arches, 

This method is applicable to parallel truss bridges, and by it the iron 
lower chord or tension member may be omitted and wooden compression 
members substituted therefor. The objection to the combination of 
wood and iron in bridge construction, owing to the difficulty of repairing 
the bridge, does not exist in this method. In all others. the wood is 
either under tension or compression and therefore difficult to be removed. 
In this, the entire chords of any one areh could be removed without en- 
dangering the stability of that arch or of any other one of the series ; 
for it is plain, that if any temporary weight were placed on the floor 
beams, which would equal the weight of the chords to be removed, the 
equilibrinm of the whole series would be undisturbed by their removal, 
so long as the whole bridge remained unloaded. In repairing it would 
never be necessary, however, to remove any one chord entire at once, 
but only to replace such pieces as were found defective. 

Where the use of timber is found objectionable the cost of masonry 
in arched bridges may be greatly reduced by the following method also. 
Suppose ut B, Pig. 2. be a bowstring girder, whose arch produces a 
horizontal force of 500 tons ; 
1,000 tons. 


and that the load increases this force to 
The iron chords of such a girder will require a sectional area 
of 200 inches if we allow a strain of 5 tons per square inch. Suppose two 
such girders, Fig. 11, constitute a bridge with abutments capable of re- 
sisting a horizontal force of 1,000 tons, and that each areh abuts against 
the other at the central pier, then it is evident that the section of the 
chords may be at once reduced one-half or to 100 square inches ; for the 
thrust of one arch will balance that of the other, and the only strain which 
can come on the chords of either will be from the effeet of the load, and 
this cannot exceed 500 tons. No horizontal strain can come on the 
central pier, for any unbalanced thrust will be borne by the chords. 
If both arches be equally loaded, or both be unloaded, no strain what- 
ever will be on the chords of either. 

If the arch A has its maximum load imposed, its chords will be 
strained in tension to 500 tons, but if the chords of both arches be 


formed to resist compression as well xs tension, 250 tons of this strain 


will be transferred in compression to the chords of B, and by it to the 
16 
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abutment of B, while the tension in the chord of the loaded arch will be 
reduced to 250 tons. Instead of a central pier which would have to sustain 
a horizontal force of 500 tons if no chords were used, we now have a pier 
subjected to vertical pressure only; and instead of bowstring girders, with 
chords of 200 square inch section, we need only one-fourth of that. As 
the chords of a bowstring girder are in great part supported by the 
arches, if we can reduce the chords 75 per cent., we at the same time 
lessen the requisite section of the arch itself, by relieving it of this 
much dead weight. 

The only difficulty in carrying out this suggestion is the expansion 
and contraction of the chords by heat and cold. Suppose that to the 
end wf of the lever o1 2. Fig. 12, we attach one end of the chord ( of 
one arch, and to the end Bowe attach one end of the chord D of the 
other arch, and that the fulerum / be seeured to the ceutral pier, whilst 
the other ends of the chords are attached to the abutment ends of the 
two arches. Now,if the inner ends of the arches be made to abut against 
the fulcrum of the lever, it is evident that the two chords may expand or 
contract without moving the central pier, or in any manner disturbing 
the arches. Such expansion or contraction of the chords will simply 
cause the lever to turn upon its falerum. A force against the fulerum 
from either side of it will not, however, tend to turm the lever at all. 
Such force would be resisted equally by both chords, one in tension and 
the other in compression. One half of the foree—500 tons due to the 
loud on one arch—acting in the direction of the arrow, would be received 
on Cin compression, and one-half on 7 in tension, whilst the only 
movement of the lever or fulerum would be that due to the stress on ( 
and the tension on 2. The lever could be made in the form of two 
circular disks fitted in circular rests in the skew-backs, the axes of 
the disks being coincident. The end of the chord from one arch would 
be fastened between these disks by a suitable pin passed through that 
chord and the wpper part of the disks, and the other chord would 
be fastened by a similar pin through it and the lower part of the 
disks. The effect of heat or cold on the chords would simply cause 
a rotation of the disks in their rests without strain and with no hori- 
zontal movement of them or the skew-backs. This lever arrangement 
is illustrated by Fig. 13, which shows a skew-back in perspective, 
sented on series of rollers resting ou the cap-plates of the 
pier. The object of the rollers is to avoid any possibility of horizontal 


strain on the pier, arising from the extension of one set of chords and 


the compression of the others in two adjacent spans, when the load on 


one span is greater than that on the other. This movement will be so 
slight, however, in spans of ordinary length, that if the central picr were 
proportionately high, the rollers would be unnecessary. 

The chords of the arches are, in Fig. 13, attached to the disks by 
links pivoted to them. One end of a link is inserted between the two 
disks, and a pin is passed through its end and through the two disks 
abore the centre of the disks, while the link from the other chord is 
similarly secured by a pin passed throngh the disks and link Je/om the 
centre of the disks. The other ends of the links are pivoted to the 
adjacent chords of the two arches. This, in effeet, coustitutes a vertical 
lever attachment for the ends of the chords, of greatly stronger design 
and more compact than would be possible with a vertical lever having a 
central fulcrum pin through it. The links must, of course, bear com- 
pression as well as tension. 

This plan of disks is best used in two-span designs, but can be used 
with great economy in those of but one, or of more than two spans. 

When both arches of a two-span bridge are loaded, the abutments 
will of course receive as much thrust as with an ordinary arch, for the 
chords are only strained when a greater load is on one arch than the 
other. But the central pier has nothing but vertical pressure on it, end 
ay be greatly reduced in cost, while the chords are only one-quarter the 
weight that would be needed in ordinary bowstring girders. If four spans 
be desired, the central pier need then ouly be strong enough to resist the 
thrust due to unequal loads on the arches, as the thrust from the dead 
weight of the arch on one side of it will be Imdaneed by that of the one 
on the other side of §. 

In the case of a single arch, let us suppose that one end rests upon 
one abutment capable of holding but half the Gurust of the areh, and at 
the other abutment we locate a skew-back, designed substantially as in 
Fig. 13. Let achord be secured to the end of the arch, at the first 
wbutment, and to the inner link at the other abutment. Now, if the end 
of the second link be secured in this abutment so as to resist compres- 
sion, it will throw against this abutment one-half of the thrust of the 
arch, while the chord will receive the other half in tension. By 
such a modification one-half the weight of the chord of an ordinary 
howstring girder and one-hali of the masonry that an ordinary arch 
would require will suffice. ‘The skew-back with the disks in it would 
have to move on rollers in this case, and would make one-half of such 


movement as would be due to the elongation of the chord from temper- 
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ature and from the load also. By very simple modifications of the system 
this movement could be divided so as to occur equally at both abut- 
ments. This movement would, however, be no more objectionable than 
that of the ordinary iron girders on their piers, while the detlection, by 
preventing the arch from spreading, would be 25 per cent. less with a 
single arch, and 50 per cent. less if two arches are used, than with any 
girder bridge of equal depth and strength now known. 

By combining with this modification of the bowstring girder, the 
counter-arch method of bracing the arch, before suggested, and with 
central and abutment joints in the arch, we have a system of bridge 
construction from which the effects of temperature are absolutely elimi- 
nated, and which will be found to greatly surpass in economy of super- 
structure anything vet devised, and which admits of such reduced cost 
of substructure as to almost, if not quite. equal that applied to the 
various kinds of girder bridges. 

The construction of the arches in half-length ribs, with the counter- 
arch bracing, enables the ribs to be easily erected, even if the spans 
be enormous in length. Each segment or half of a rib could be easily 
erected by a temporary tower placed in the stream, midway in the span, 
either on floats or piles, to support the inner ends of the segments, and 
on this, and on the abutments, shonld be placed machinery sufficient to 
lift a segment. When it is understood that such a segment, with its 
counter-arch and bracing for a span of 500 feet to carry 2,500 pounds 
per linear foot, weighs less than 50 tons, if the arch be of steel, and that 
the hoisting machinery needs only to lift each end of sucha segment, or 
25 tons, the ease with which such arches can be put together will be at 
once manifest. 

No suspension bridge system, yet devised, possesses anything like the 
resistance to change of form which this does, owing to its great depth of 
bracing ; while for equal length of span it possesses greater economy. 
The catenary to span the same opening, must be longer than the arch, by 
the diameter of one tower, as it extends from centre to centre of towers, 
while the arch will spring from the faces of the masonry. This advan- 
tage possessed by the arch, will quite compensate for the joints required 
in its construction, and which are not needed in wire cables. 

Where great height of span is desirable, the cost of masonry to hold 
an ordinary arch may become so great as to forbid availing of its unques- 
tioned economy. In such cases the chord with its compensating lever 


or disk attachment, at one or both ends of the arch, will relieve the piers 


of any desired amount of the thrust, just in proportion to the relative 
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lengths of the lever arms, or relative distances from the centre of the 
disks, at which the pins are located. 

It is, however, when we compare this system with other parts of the 
suspension system, that its great economy over that system is seen. 
When we leave the great central span, the chief feature of nearly all sus- 
pension bridges, and examine the large sections that must be maintained 
in its cables over the reduced spans between the towers and anchorages, 
and compute the necessary weight and great cost of the masonry required 
to resist the tension of the cables, and compare these features with the 
shorter and more economic spans and light piers which this system ad- 
mits of in the approaches, we perceive its remarkable economy over the 
best suspension system yet devised. To the economy and rigidity 
secured by the system proposed, we must add in its favor also the im- 
portant elements of safety and durability, which are secured in a higher 
degree by using the material of the chief sustaining member of the 
structure in compression, instead of tension. 

There is no limit except a financial one, to the length of span which 
may be safely constructed by this system, and spans of 1,500 or 2,000 
feet will be found to be entirely within a practical or profitable limit of 
expenditure. 

Figs. 16, 17, 18, 19 and 20 represent a bridge with two spans of 400 feet 
each, on the proposed system, for a double-track railroad. Table I con- 
tains a summary of quantities and weights of materials for its construc- 
tion. ‘Table Il contains the quantities and weights of a bridge with five 
spans of 250 feet each, all the piers being of masonry. Figs. 21, 22, 23 
and 24 illustrate the five-span bridge. Both tables have been carefully 
prepared from complete designs for both bridges. (See pages 235, 236.) 

Mr. Cartes Macponaup 


T would not presume to discuss the paper 
just read without opportunity for full consideration, nor will I at this 
time attempt an examination of the argument presented in favor of the 
economy of the arch over the suspension system. 

We, as engineers simply, too often loose sight in bridge construe- 
tion of a very important element, the cost per pound of the material 
and the facility for erection, while instead we are considering— 
also an important element—the reduction of weight. Those who 
examine the St. Louis Bridge, must be impressed with the great 
accuracy in workmanship required to fully carry out the theory of 
the design. The most expensive material was used, to withstand the 
strains which was said in Capt. Eads’ first report to exist in the mem- 


bers. All this increased the cost per pound of the structure, and I 
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doubt whether in the construction of another bridge, he will again 
adopt this design for the purpose of saving a few pounds of metal. 

In my judgment, and from a practical point of view, great increase in 
lengths of spans generally seems unnecessary. Tn most cases the problem 
of covering a given space is best solved, and with greatest economy, 
when the cost of superstructure about equals that of its supports. T 
will refer to a recent instance; bids were asked for a bridge 


ve 
we 


Cincinnati Southern Railway, over the Kentucky River, where the depth 


on the 


from the rails to the water was 275 feet, and the opening was 1.225 feet. 
Ten or twelve proposals were received, only one of which was for a 
suspension bridge, and that was the most expensive offered ; the others 
were for spans varving in length up to 270 feet only. In this case the 
engineers who bid, did so with reference to cost, and without regard 
to “glory”; each in designing his structure endeavored to get the most 
economical arrangement of parts and Jength of span. 

More attention should be given to the cost per pound, and a 
preference to shapes of iron most easily and cheaply made, and which 
are most economical in the end. There may be a little more or less 
difference in weight in consequence, but where the cost of the whol 
bridge is taken into account, it is hardly necessury to make so nice cal- 
culations as have been just read. 

Mr. Asupen Weien—I wish to endorse as strongly as possible what 
Mr. Macdonald has said about cost of structures, and to remind this 
body of Civil Engineers of a cardinal principle to be regarded always in 
practice—that engineering is best which most fully answers its purpose 
at the least cost. 

Mx. J. Durron Sreete—I will mention a historical anecdote relative 
to the Suspension Bridge built by Telford over the Straits of Menai, 
which will be found recorded in the history of that structure. It was his 
intention to construct a cast-iron arch, such as he had put up in many 
places in Great Britain; to support the covss/ors during erection. | 
designed a suspension system, similar to that employed at St. Louis but 
more elaborate, which when complete, was found suflicient in itself 
without the arch, hence he abandoned his first design and put up a 
suspension bridge. 

Mr. Wittarp 8. Porr.*—In thus paper is stated the broad and sweep- 
ing proposition, that “ Upright arched bridges can be more economically 
constructed than is possible by any other method whatever, no matter 


* Thisand the following discussions were presented at the meeting of the Societv. held 
i 


September 1874. 
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what length of span may be required 3° the general reasons are given on 
which this opinion is based, and in explination and corroboration there- 
of are appended diagrams and estimates of materials in upright arched 
bridges of various spans, in accordance with the designs. 

This proposition is a startling one. During the past quarter of a 
centnry the necessities of commerce have stimulated bridge construction 
utterly beyond precedent, and consequently great and earnest attention 
has been paid to this specialty of engineering. All over the civilized 
world engineers have devoted their best capacities to the study of this 
subject. and the concurrent action of almost all has been in one diree- 
tion. Without consultation with each other, and certainly without undue 
bias, reasoning out their conclusions from different data and by differ- 
ent processes, they lave. with surprising unanimity, departed from the 
simple arch and eravitated toward other forms of structure. Of the 
multitudinous bridges for railroad purposes that have been constructed 
in metal during the past twenty vears, those thet are of the pure areh 
form are insignificant in munber. The bridge at St. Louis is almost the 
sole modern exiumple. 

If the proposition so boldly affirmed is correct, it shows that the 
general tendeney of modern bridge engineers is in the wrong direction; 
that they have been misled and are all astray. It is surely proper, there- 
fore, to exwmmine with care the reasons on which this revolutionizing 
statement is based, 

Action and reaction are equal. In a structure of the kind known 
distinctively as the truss, the compressive action of One member is met 
by the tensile reaction of its corresponding mate, and so the super- 
structure is of itself in equilibrium. In the suspended or the upright 
arch, the direct reaction is taken by the substructure, which must be en- 
larged accordingly. Therefore, both substructure and superstructure 
must be considered together in making any comparison between the 
economic merits of different forms of construction. 

Here let me commend the characteristic fairness with which the 
writer has met the case. He recognizes the fact just stated, and very 
properly considers the entire bridge as a unit. Whatever may thought 
of his conclusions and the reasoning on which they are based, he cer- 
tainly confrouts the problem boldly and squarely. 

First, as to the difference between a suspended and an upright arch. 
Here, as the reaction in both cases is borne by the substructure, that 
element of cost may, for the purposes of the comparison, be disre- 


garded. 
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In the suspended arch, the cables which carry the structure must be 
extended full size over and beyond the supporting towers to the anchor- 
age behind them. Thus the actual length of the bridge is considerably 
greater than the effective length. This item of cost is saved in the up- 
right arch, and so far, therefore, the comparison is in its favor. In 
many cases, however, short spans are required at each end of the main 
span, in which case the extended cables answer for such support, so that 
such extension is not necessarily a total loss. 

But the cables or chains of the catenary are in tension, while the ribs 
of the upright arch are in compression. It is doubtless the fact, as 
stated in this paper, that iron or steel can be trusted with equal strains 
for equal sectional areas, whether in compression or tension, although 
the almost universal practice is to tax the metal less with the former than 
with the latter duty. But in compression the ratio between length and 
diameter is an essential element, while in tension this is not considered. 
To get the full value of the compressive capacity of the materials named, 
the length of the member must not exceed ten or twelve times its di- 
ameter. This at once introduces the necessity of bracing the upright 
arch to secure its permanence, a necessity which does not at all apply to 
the suspended arch. 

That we may get a clear insight into this matter, let us leave entirely 
out of view for the present the lateral strains induced by wind or by 
moving loads, inasmuch as these are common to both forms of structure, 
and material must be provided to resist them alike in each. Let us also 
disregard for the present the necessity (also common to each) of provid- 
ing for a variable load, and assume that the weight to be carried is defin- 
ite and uniformly distributed. The data being the same, the strains are 
alike in each, only of an opposite character ; and it may be granted for 
the sake of the argument that the net sectional area of metal and con- 
sequently the net weights are also alike. 

What, then, are the conditions respectively ? Each single cable of the 
catenary is complete in itself. To perform its functions it needs no other 
or auxiliary connections. It is entirely independent, self-supporting, 
and carries its load without outside help. It is of simple construction, 
compact, solid, without objectionable joints, and contains within itself 
no element of destruction. It is easily and safely erected in place. Ap- 
plication of reasonable load, and indeed its own weight, serves only to 
increase its stability. All the forces of nature act with it, and it is in 


entire harmony with the immutable laws that govern all matter. 
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In the upright arch, most of these conditions are reversed. Each rib 
is by itself utterly helpless, even to carry its own weight, and must, 
therefore, be connected with other ribs by an elaborate and expensive 
system of lateral bracing. Its construction must be tubular, or rectan- 
gular, or of some similar form suitable to resist flexure, and all such 
forms are expensive. It abounds in joints, each one of which must be 
carefully and perfectly fitted. The lateral bracing must be so complete 
as to thoroughly secure the various ribs at intervals of not greater than ten 
or twelve diameters. To erect it in place is a difficult and dangerous 
task. The centre of gravity is high relatively to its base, and, conse- 
quently, the forces of nature act against rather than with it. No human 
work can be perfect, and defects of workmanship, that would be almost 
immaterial in the catenary, become serious when in the upright arch. 
It is impossible, even if it were desirable, to make a structure which will 
be absolutely rigid ; oscillations and undulations that would be harmless 
in the catenary might prove ultimately fatal to its rival. 

These are some of the inherent and broad differences between the 
two forms of construction. Other matters, such as provision for variable 
load, for side strains from wind, &e., &c., are Common to both, and so 
need not enter into the present computation. And, in the opinion of 
modern engineers, it is these differences that have so generally influenced 
the substitution of other forms in place of the arch. 

Indeed, the fact is not to be disguised that, on general principles, 
most engineers prefer to avoid compressive strains in metals as much as 
possible. It is easy to know perfectly our material and all its capacities 
in tension ; but, in the present state of our knowledge so many elements 
of uncertainty enter into the use of iron in compression, that such use 
must be attended with much risk. It is one of those subjects concerning 
which we feel that a little knowledge is a dangerous thing, and prudent 
engineers are careful to err designedly on the side of safety.* 

If an upright arch is to be used at all, the suggestion of a counter- 
arch for variable loads has much merit. The difficulties that were en- 
countered in the designs of the St. Louis arch-bridge, from the effects 
of changes of temperature, are fully and forcibly detailed. In this 

* The great desirability of more information in regard to the practical compressive capacity 
of metals is illustrated by the action of the Society in appointing a committee (of which 
Capt. Eads himself is a member) to procure the assistance and co-operation of the Govern- 
ment in making a thorough and elaborate series of tests and experiments on the capacities of 


metals. No more important subject than this can engage the attention of the Society and its 


members. 
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structure, the two members composing one rib are intended to act 
together, cach bearing its proportion of compression, and at medium 
temperatures they do so act, but in extreme cold weather the rib detleets. 


changing of course its curvature, and then at the crown the upper 


member and at the springing the lower member. does all the duty, 
which duty is still further increased by an actual tensile strain brought 
upon the opposite member at those points. In extreme hot weather this 
action is reversed. Tlius the novel experience is had, of certain portions 
of an arch subjected to tensile duty. This tension was found so con- 
siderable as to render it necessary to firmly bolt the skew-backs to the 
masonry. Doubtless the counter-areh jointed at the crown and at the 
skew-back would have obviated the difficulty, and indeed, it would seem 
that, even with the present construction, if the two members composing 
the rib had been brought together at the springing and at the erown, the 
trouble would not have occurred. As the bridge is designed, it ap- 
pears linpossible to tell how much duty each skew-back is at any time 
actually performing ; just as it is impossible to tell precisely how much 
weight comes upon each leg of a four-legeed table. 

Accompanying Capt. Eads’ paper are plans and estimates for a 
bridge on his design, with a span of 400 feet, and a rise of 50 feet. the 
floor being suspended below the arches flush with the springing. A 
thorough system of lateral and diagonal Iracing between the respective 
arches and counter-arches is shown, so thorough indeed. as to quite 
block up the roadway, the lateral strut between the counter-arches nearest 
the springing being oniv about 6 fect above the floor. while the lateral 
ties seem to extend quite down to the floor. 

But assuming that a clear headway of 20 feet above the floor is needed 
for the passage of trains, no lateral strut or tie could dhe placed between 
the main arches for a distance of 40 feet from the springing. or between 
the counter-arches for a distance of 120 feet from the springing. For 
these distances therefore, the arch and counter-areh contd only be stitt 


ened laterally by knee braces from the floor; inasmuch as the cutive 
floor is simply suspended from the arches this would not prove a very 
reliable security, and for just this locality Where the lateral bracing is 
the weakest, the need of it is the greatest, as it is exactly here that the 
strains are the heaviest. 

Indeed, the demands of an upright arch for comtinnous and effective 


lateral bracing between the ribs are so Imperative and absolute that it 


Phis, howeve is evidently an oversight of the 


trattemian 
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is almost a necessity that the flooring and passage way should be placed 
either entirely below the springing or above the crown. The vertical 
space between the springing and crown is fairly interdicted for such ser- 
vice, and any intrusion therein is at the expense of the stability or 
economy of the structure. The grade line of the floor bemg generally 
the governing consideration, if the arches are placed above it sufticiently 
for the necessary head-room, they are raised very high, which of course 
adds to masonry, and so to cost. Tf the arches are placed below the 
grade line, they not only take up what may be valuable headway for 
navigation but also necessitate a heavy and costly system of struts for 
the support of the roadway on top of the haunches. 

It is furthermore pertinent to consider that se far as bridges are or 
may be built over navigable streams, an arch placed below grade usurps 
more of the head-room for vessels than does any other form of structure. 
A law decreeing a certain specified clear space between high water and 
the crown of the arch may prove very deceptive as a protection to the 
interests of navigation. 

Leaving, now, the comparison between the upright and the suspended 
arch, we come to a consideration of the devices suggested to secure 
economy in masonry. These are ingenious, and so far as L know, novel ; 
they can be best understood by a reference to the paper. ‘That the line 
of timber chords suggested for a series of arches would answer the pur- 
pose I have no doubt ; to secure them firmly however, would require a 
large amount of bracing, both vertical and lateral. They would not be 
especially ornamental, and would be liable to decay and to fire. To decide 
as to their ultimate economy would require a calculation for each purti- 
cular case. imagine that: engineers generally will hardly urge their 
adoption. 

The other and more elaborate plan provides for dividing the thrust 
into parcels, and apportioning a certain definite part to the abutments and 
acertain other part to a system of longitudinal tie-rods or lower chords ; 
in other words, the areh now becomes partly an arch, and partly a bow- 
string girder. In the case of two adjoining spans, if they are both empty 
or both uniformly loaded, the abutments receive the entire thrust and the 
chords carry nothing. But if one arch is loaded and the other empty, 
then the chords are strained to the extent of one-half of the thrust from 
the live load, and the arrangement is such that of this thrust one 


half is borne in tension by the chords of the loaded arch and the other 


half in compression by the chords of the unloaded arch; the chords 


222 


being so constructed as to resist both tension and compression. In any 
case the pier sustains nothing but vertical load. The device is ingeni- 
ous in the extreme and well worth careful study. 

The reflection presents itself however, that possibly there may be 
some practical difficulty in harmonizing three distinct agents, viz., the 
abutments in gravity, the lower chords of one arch in compression and 
of the other in tension, so that each will always do exactly its allotted 
duty, for if one does less, the other must do more, and thus be overbur- 
dened. It is somewhat similar in effect to a continuous bridge resting 
upon several supports, so long as each does its work fully and fairly, so 
long is the structure effective ; but if one settles or in any way shirks its 
duty, new, unexpected and dangerous strains are at once developed in 
the girder. Another pertinent illustration of the difficulties attending a 
divided duty, is found in the practice formerly so common of uniting an 
arch and a truss in the same bridge. Experience showed that it was 
impossible to harmonize them-—one did all the work, and the other, 
instead of being a help, was really an incubus and a nuisance ; the better 
modern practice has, I believe, entirely abandoned the plan. 

Even assuming that it is entirely practicable to parcel out the thrust 
of the arch, as it is proposed to do, yet the plan will not be without 
cost; inasmuch as a lower chord 400 feet long, to resist even limited 
compression, must be well and thoroughly braced both vertically and 
laterally. If it were simply suspended from the arch as shown in the 
drawing, it would be as limber as a whip-lash. 

After all, it is largely true that in such matters each particular locality 
forms a law unto itself. A structure that is admirably adapted for one 
place may be utterly unsuitable for another, and he is the best engineer 
who best fits his plans and designs to the peculiar demands which they 
are to serve, and who thoroughly accomplishes the desired purposes with 
the least expenditure of money. 

The entire paper is exceedingly interesting and suggestive. It is a 
bold and vigorous attack upon the labors and opinions of the great ma- 
jority of modern bridge engineers, and both for the brilliant professional 
repute of its author, and for its own merits, it will command and receive 
earnest attention. 

Mr. THomas C. Crarke—It must be a source of gratification to the 
Society that a member, so much occupied with public business as Capt. 


Fads, should find time to present such an elaborate paper as this. 


During the last seven or eight years the proper construction of iron 


, 
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bridges has been investigated with great ability. It will be observed, 
howeyer, that almost the whole of this effort las been directed towards 
one point—elucidating the action of the strains caused by a load upon 
the main trusses or girders. — Very little attention has been given to the 
bridge as a whole—that is regarding it as a complex piece of framing, 
subject to impact, vibration and the swaying from side to side, caused 
by a rapidly moving train ; unless all these points are carefully attended 
to, the bridge cannot be considered a perfect structure—time will develop 
its defects. 

It is with some hesitation that a criticism of the plan here presented 
is ventured upon, from this point of view. Assuming for the present, 
that the main arches do what is here claimed for them—require less ma- 
terial than any other system—yet it will be seen that «a platform merely 
suspended from them will not possess much lateral stability, and must 
sway from side to side under a rapidly passing load. In what is termed 
a * through” bridge, the floor is held in place not only by its iron system 
of horizontal bracing, but also by the posts and knee or angle braces 
Which connect it with the upper chord. Horizontal bracing alone will 
not prevent lateral motion, for the lower chord being in tension will 
vibrate like a stretched string. It is necessary to connect the floor by 
rigid angle bracing with the wpper chord, which being in compression, 
uever leaves a straight line. If this were done in the bridge proposed 
by the writer, some of the economy of material claimed for it would dis- 
“appear, 

Moreover, practice has shown that a bowstring girder is the worst 
possible form to brace against horizontal motion, on account of the very 
ucute angle at which the ends of the arches meet the chords. Practice 
has also shown that the deflections on a bowstring girder are very great 
ut each end, owing to the want of height of the truss at these points. 
The locomotive seems to fall upon it with a blow or shock on leaving the 
pier, instead of gliding on over a curve gradually increasing toward the 
centre, as in a parallel girder. 

In its present shape, the bridge proposed is not well suited for a 
rapidly moving load ; it may possibly be modified, but this will add mate- 
rial again. 

In the next place, the economic merit of this system does not appear 
to be borne out by the figures presented. The weight of five double 
track spans of 250 feet each, in iron, is estimated at 3,010,300 pounds. 


The weight of five equally strong parallel girder spans would not exceed 
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3,300,000 pounds, and on account of their greater simplicity of constrne- 
tion, would cost enough less per ton to more than compensate for the 
difference in weight. [f we add to the plan as it now is, enough iron to 
make it laterally stiff, the cost would somewhat exceed that of the parallel 
girder. 

But when we come to consider the quantity of masonry required by 
the two systems, we see the great economy of the parallel girder. The 
masonry in these two piers (which, like those under a parallel girder, 
receive no pressure except a vertical one) is estimated at 1,410 cubic 
yards, while those two which receive the semi-thrust of the arches 
require 3,630 cubic yards, or more than double as much. It is difficult 
to see wherein this lever-disk arrangement, which by the paper under 
consideration seems to save half the tron in the chords and double the 
amount of masonry, is so economical, 

Finally, the conclusion to which we arrive is  this—economy in 
bridge construction is to be attained by saving in the cost of piers and 
abutments so as to allow of shorter spans, rather than in the cost of 
iron in order to build very long spans. There are of course, other 
questions than those of economy which come into consideration, such as 
exceptionally long spans required in navigation, or because good pier 
foundations cannot be obtained, but this is foreign to the subject of the 
pauper, which challenges the parallel virder syste on the ground of 
economy dlone. We say that the case has not been proven ; because the 
cost of the piers and abutments which should make up at least one-half 
of the cost of the whole—but which in the case of this system, would ab- 
sorb considerably more than one-half—has been omitted. F 

Mr. Lovis Nickerson—In discussing the bridge before us, it would 
be well to examine somewhat the short review of arch bridges by Mr. 
Barlow, which has been used as a postulate. He therein claims, that 
for certain reasons, an arch bridge is more economical than a truss 
of triangular or trapezoidal elements. IT think that this is an error. 
For even as a theory, it is founded on the assumption that the detection 
of a truss of any kind is the manifest point, from which the investiga- 
tion should be made. Now the Fink bridge, though rather more costly 
in original construction, than some other well-known forms, is one of 
the cheapest as regards maintenance, and one of the safest as regards 
stability, that is used. Yet the Fink bridge detleets more than any other 
known bridge ; I think twice as much as the Warren girder improved by 


Fink. But the same cause which makes its entire deflection great—the 


advance of the stress towards the center, and the uniform flexure of the 


chord from compression-—entirely eliminates the reverse curve common 
to other bridges, which it is most our duty as engineers to get rid of, 
and which, so faras my knowledge extends, is much worse upon arch 
bridges, metal for metal, than upon any other. It is this partial and 
wave-like deflection preceding and following the engine in its course, 
Which breaks the back of the bridge, destroys its fastenings and abut- 
ting surfaces, and which engineers have attacked since the substitution 
of more elastic material for stone. The design before us really strives 
against this, with an effect which we will attempt to measure hereafter. 

As regards practical economy, the case seems to be as follows : 
place a bowstring bridge on piers and a similar simple arch between 
abutments (their stitfering webs may be supposed equal), then if the 
chord of the bowstring costs more than the extra abutting masonry, the 
open arch is the cheapest: if the chord cost less, then the open arch is 
the dearest. This refers to the amount of materials alone. 

In constructing an ordinary triangular or trapezoidal truss bridge, it 
is not necessary that the handicratt be very perfect. An error of ,!,-ineh 
in length is not perceptible in practice, and as regards safety more may be 
allowed with impr. y. By bringing to bearing little imperfections 
it will rather improve than otherwise during a yeur’s service, after 
which they seem not to exist. Now, to arrive at this ,',-inch costs but 
little per pound of material, because it is easily approximated by ordinary 
machine tools, but to finish with the same perfectness the abutting sur- 
faces in the long and by itself flexible curved member and also the 
bracing members of an arch bridge, requires much more care, and even 
When not carried to scrupulous excess, involves a much greater working 
cost per pound ; whence a rectangular bridge can be built at less first 
cost. and all things considered, with a really more economical result than 
can an arch bridge. 

If vou were asked ** what is the lowest priced bridge, so far as amount 
of material is concerned, that can be built 2”? L think the unanimous an- 
swer would be ‘* that rectangular bridge which, with the greatest height 
of truss is least liable to * buckle’ the same area of web ’’—the Whipple 
bridge, and we know (whatever faults it may have) the Whipple bridge 
is not only cheaper in cost, but, metal for metal, las much less launch 
deflection than an arch bridge. Arch bridges, as hitherto constructed, 


can neither be considered economical nor very rigid. 


Notwithstanding his use of Mr. Barlow's text, the author of the 
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bridge before us realizes the difficulty of the reversed curve in the chord; 
this is shown by the fact that he has made no special attempt against the 
bridge deflection, but has struck strongly and well against the hiaunch 
deflection, and whether successful or not, he deserves our praise for the 
essay. Fortunately for your patience, the best way to arrive at the meas- 
ure of this is the most simple and expeditious one. 

First, in regard to stiffness, let us remember a fact too often forgot- 
ten—that no system of bracing, however complicated, can have any 
other influence upon the effects and directions of the forces in a girder, 
than the most simple plan that an engineer could imagine. If the 
braces be removed from the ‘tlonp” girders of this bridge and re- 
placed with plain plates of the same resistance, the status of the gir- 
ders or the bridge has not been in the least altered. Take an ordinary 
bowstring bridge of the same span and height—a similar bridge—and 
replace the web of that with a corresponding plate; we could mark 
upon it with chalk the exact saving of metal with but little computa- 
tion,—and from this deduce the form of the two **haunch” girders. 

Remember, that the rigidity or flexibility of a bridge does not at all 
depend upon its height of truss, buf on the depth of web withiu the truss, 
and as no form of bracing within the limits of a truss, however inge- 
niously conceived, can vie in depth with the web that fills the truss, 
therefore none can be so stiff With arch and bow-string girders then 
which are already in fault with respect to flexibility—the change is not 
an improvement. 

Second, in regard to strength ;—this quality and that of stiffness are 
fully separated in the design. As we have only been called on to treat of 
one in discussing the arch arrangement, so we are almost exclusively 
confined to the other when we come to examine the lower chords and 
lever attachment. That the arrangement is highly ingenious all must 
at once see, yet it seems to me it must fail from the same cause that 
several attempts of the same kind have failed—notably, the construction 
of a trussed girder of which the beam should bear one-half the load and 
the rods the other portion, or with the same idea the attempted com- 
bination of arch and truss. 

For, supposing first only tensional chords, and that the loaded span 
would elongate and its arch move outwards against the heel of the other. 
as described in the paper, the unloaded arch would then move slightly 


inwards, thereby being relatively weaker to resist thrust than before, 


and an additional strain would thus be thrown upon the chord of the 


: 
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loaded truss. Then this must further elongate, the loaded arch spread, 
and the unloaded arch be again forced inwards, becoming: still less 
capable to resist thrust ; so repeating until (he security being sufficient, 
the engine would cross the first arch, strike the second and eause it to 
recoil with a jerk ; the same action to be partially reversed upon the 
other when the load had entirely passed onwards. Safety then would 
probably depend upon there being sufticient security to allow the chords 
to resist the fv// horizontal strain. 

But supposing the chords capable for compression (and they would 
then probably cost as much as full-sized tensional chords), we must 
remember the inequality between the elongation and depression of ma- 
terial within elastic limits, and even at low strains, so that to shorten one 
chord a certain distance, and to lengthen the other the same distance (a 
sine qua von to the attempt), would require very different amounts of 
force (per square inch), a tact at once seen to be inadmissible with equal 
chords. Hence, at no moment could there be a mutual assistance. 

In the two cases mentioned, the trussed girder and the arch and truss, 
the first was too obviously in error to hold a place in mechanics long, and 
in regard to the second, it has been found necessary «nd more eeonomi- 
eal, to make oue or the other member sustain the load, because by no 
combination would the materials act together in such unison as was re- 
quired, It seems to me, with all diffidence, that in the case before us, 
either a suflicient chord or a sufficient abutment is necessary for safety 
and economy. 

Mr. Samver H. Sureve—-The paper before the Society appears to 
be an acknowledgment of ** the disadvantages of the system adopted 
for the superstructure of the St. Louis Bridge.” which the writer says 
were forcibly thrust upon his attention in the progress of that work. 

He says of the bridge: ** If the effects of temperature could be 
avoided, and the curve were a parabola, an equally distributed load on 
a rib would, of course, be borne by the upper and lower tubes equally, 
that is half on each’ —but the effects of the temperature are inevitable, 
and consequently the above supposition, if correct (which it is not), is 
without value. He further says : ‘* This extension (from the temperature) 
causes the crown to rise, which relieves the lower tube of compression at 
the abutments, and hence that tube does not then support any portion of 
the weight of the rib or the load. * * At the crown, the strains are 
likewise changed. There, however, the /ower tube does all the duty, as 
the upward bending of the rib relaxes the compression in the upper tube 


at this point.” 
17 
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Suppose the crown to rise, the lower tube if relieved of compression 
at the abutments, would not be strained at any point. Bracing beneath a 
parabolic arch unformly loaded can receive no strain and is useless, and 
if the curve of the tube considered is not a parabola, it is so near it, that 
the strains which are transferred by the braces to the lower tube are too 
small to be noticed. The conclusion is unavoidable, that the upper tube 
at times must bear the whole load, and even more, for the tubes **are 
rigidly held to the abutments by anchor bolts.” anda large extra amount 
of strain is in this manner brought upon the loaded tube. Now consider 
the opposite condition : ** As the ribs are formed fora medium temper- 
ature, contraction by cold reverses these strains—-the crown of the arch 
falls,” and the lower (abe must just as surely take the whole load and the 
upper one be useless. Suppose a still different case >; when the tubes are 
affected by the temperature, one may, and probably does, expand or con- 
tract more than the other, and the condition is still worse. 

The result is simply this > each tube must contain a quantity of mate- 
rial sufficient to resist the strains caused by a full load, and more (on ae- 
count of the bolting down of the abutments) or be injuriously strained. 

This doubt as to which members the strains will affect should not 
exist in regard to any truss. and the axiom may be laid down, that a plan 
in which such ambiguity of strains obtains is sufficiently defective to be 
rejected without further examination.* This complication may be pre- 
vented in a simple manner, and the strains confined to their respective 
members which then need not be proportioned to bear all that ean possi- 
bly come upon any part of the truss. 

Suppose that of a framed arch the lower are member at each abut- 
ment, and the one of the centre are removed, the structure will then be 
of the form shown in the figure (next page), divided into two parts, 
jointed together at the centre and similarly joined by the same tube or 
are to the abutments. Expansion and contraction will not affect this 
truss, and the upper are has its work well defined, which work cannot be 


added to by any action on the part of the lower are. 


The horizontal component of the strain in the upper are is 
H (1) 


where is the maximum load uniformly distributed, s the length of the 


* There is no difficulty in calculating the strains in a correctly planned arch truss ; they 
are readily determined by simple mathematical reasoning as in any horizontal truss. The 


labored and uncertain theory of arches as applied to masonry, has no mor: 
arched trusses than it has upon a Howe truss or a king-post bridge. 


bearing upon 
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span and / the height of the centre of the arch above the points where 
it is joined to the abutments. 

The segments of the lower are are sometimes subject to compression 
and sometimes to tension, according to the position of the load. The 
braces are needed only under partial loads. That the greatest tension 
in the lower are of either segment is when that segment alone is fully 
loaded, is self-evident ; to determine the amount of strain and the 


requisite quantity of material, some calculation is necessary. 


7™ 
ZN 


NP af 

\ 

Let the arch be loaded uniformly (horizontally) from A to (, then 

since w represents the full load of equal density, the weight borne by 

the abutment B, or its vertical reaction, is + The load upon A C 

produces a strain which must pass through Cand B, and which may 

consequently be represented by the strain line 2 C. of which foree ) 


will represent the vertical, and > the horizontal component. This ver- 


s ws 


wes 
hence 1g) & the horizontal component of the force through CB, or 


the horizontal reaction of the abutment Bs it also is evident that there 
are the same forces acting at Cas at 3B 
Take moments at any point. where the braces meet in the upper are 


in the loaded part, distant .° from the centre CL and we obtain for the 


longitudinal strain in the opposite member of the lower are, Lo. d, (d 
being the depth of the are) the vertical reaction at er. Which 
5 Gh y (the term being the horizontal reaction at the same 
place, y the vertical distance of C above the point «) os 
(the load on.r) ; collecting these we have 
28 


Since the curve is a parabola, y may be expressed in terms of .. thus: 


s 
from the properties of the parabola. 2 pay, and 2 ph 


= 

| NALA 

a > | 


Lid + 4s verre 8 (3) 
From this equation we can tind the strain in each member of the 
lower are of one segment when that alone is loaded. It is seen that 
wes 
For convenience in calenlating, let ¢ bear a certain proportion to A, 


when ur 4? “reaches its maximum value and becomes 


say / yous this is somewhat near the facts in the St. Louis Bridge, 
wes 
and then L Gh’ (4) 


As the load passes on and gradually covers the whole arch, this tension 
diminishes until when the arch is fully loaded, it entirely disappears. 
When the arch is half loaded, as in the case supposed, the wpper are in 
the loaded part is subject to much less compression than when it is 
fully loaded. When one segment is loaded, the upper are of the other 
is subject to tension and the lower to compression ; a glance at the 
figure will show that the pressure from Cin the direction of DB will tend 
to cause a bending upward of the segment CB. Here again we can 
easily find the strain ; take the moments around a point distant . to the 
right of (, the left segment being loaded, and we lave the same equation 
we wey 

us before, Lad 8 16; 

the forces at C acting in opposite directions. 

As the load comes upon this segment, these strains gradualby clis- 
appear, and unlike the previous case, are diminished by the weight of 
the arch. The tension im the upper are can be entirely prevented by 
giving sufficient depth to the arch. ‘To do this in the St. Louis Bridge, 
12 feet will be found to be ample ; that is, a depth of 12 feet in this arch 
will prevent any tendency in the unloaded segment to rise when the 
other segment is loaded. 

These investigations have been made to obtain formuke whereby 
the quantities of material may be compared. The cubical qauntity 
of material in any member of a truss is the area of its cross section 
multiplied by its length, and the area of the eross section varies directly 
us the strain upon it, so that if the strain is multiplied by the length 


of the member supporting it, the product will be all that is needed for 


the purposes of comparison, and a quantity from which the weight may 
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be directly calculated. For compression members a certain percentage 
to prevent buckling or bending must be added, which generally may be 
put at, say 25 per cent.; in tension members this addition is unneces- 
sary, and in comparison no extra material need be allowed for joints, as 
this may be assumed to be the same in the different cases. 

In the centre arch of the St. Louis Bridge, the span is 515 feet, the 
rise at the centre 51.5 feet, and the length of the arch in even numbers 
is 529 feet, or about 2} per cent. longer than the span. The horizontal 
component of the strain throughout one are or tube when fully loaded 

ws 
is Sh and bears about the same proportion to the longitudinal strain 
that the span does to the length of the tube, or the longitudinal strain, 
multiply by the length of the tube, 1.025 s, and we have the quantity, 
1.0625 ws? 
(6) 
next add 25 per cent. for stiffening, and 
0 L.0Q625 w 1.0625 5.3125 w (7) 
Sh 32h 
Now, as each tube of the St. Louis Bridge is liable to be subjected to 
the whole load, the quantity of material required for the two tubes in 
5.3125 


one rib, is 164 


Compare this with the quantity of material in an ordinary horizontal 
truss of equal length and depth. The quantity in either chord is repre- 
sented by the contents of a parabola, whose base equals the length of the 
truss, and whose height is equal to the strain at the centre of the truss, 


ws 2s ws? 
P 
3 12h 


add the 25 per cent. for the upper chord, and 


ows 


48h’ ({)) 
for the lower chord, ) Lh’ (10) 
w s* 
(Q) 
Adding (9) and (10), and IS h (11) 


Comparing these quantities we find that the chords of the hori- 


zontal truss require less than 57 per cent. of the material needed in the 


ribs of thearch. not know how much material the tubes contain, 
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but if they are properly proportioned to bear the loads, there must be 
that difference, which will hold good if the arch and truss are subject to 
the sume strain per square inch. This enormous difference being con- 
sidered, it is hardly worth while to discuss the comparison of the quan- 
tities in the braces. No argument further is needed as to the merits of 
these two systems. 

To compare the arch of the St. Louis Bridge with that of the figure, 
we have, in the upper are of the latter, the same quantity as in one of 
the tubes of the former, or 

0 5.3125 w s* 
32h 


In each segment of the lower are the strains vary as in a horizontal truss, 


and are equal to the contents of a parabola whose hase = and whose 
ws 2 s 3° 
height — hence of 41s 
¥ 
and for two segments, (12) 
wdd this to the quantity for the upper are, and 
0) 13) 


which is 62 per cent. of the material in the St. Louis arch. The hori- 
zontal truss has still the advantage even of the arch properly constructed; 
the latter does not need so much material in the braces. but the roadway 
is to be supported, and other expensive items added that will probably 
more than compensate for the difference. 

The form of arch which the writer now recommends is certainly a 
great advance upon lis previous one, but it is doubtful if it possesses 
great advantages over an ordinary bowstring. His views in this particular 
seem rather extreme, and will hardly be accepted by engineers, who are 
likely to be satistied. for the present generation at least, with what has 


already been done in the construction of steel arches. 
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TABLE 


Estimate or Wetcuts 


BripGe or Two Spans, 


Pins; wirn Lever 


Weight of structure for a main arch of steel—1.28 tons per foot, and of wrought-iron—1.93 


Versed sine—!}. 


tons per foot. Live load—2.5 toas per foot. 


Ist, MAIN ARCH OF STEEL. (Ten per cent. 


DESCRIPTION. 


Weights in one tes arch, 
Counter arch. 
Main bracing.... 

Lower chord and trac k stringers 
Chord in centre.... 

2 outside chords 
Cross beams.... 

Wind bracing of main 


arch 


Wind brac ing of trac 
Suspension rods. . 
Cross-ties aud p lanks.... 
Rails 
Joint in centre 


Total weight of span 1,032,657 Ibs. 
lin. foot. 

Weights of both spans.... 

( vastings 
abutme “nts. 

Ends of main arches 
Levers and pins 
3 columns of centre pie I 
Wind bracing............. 


Masonry (estimated from 50 feet below superstruc- 
ture)—2 abutments, 6,506 cubic yards. 


2p MAIN ARCH OF WROUGHT IRON: 
Weights in one span 


Total weight of one span 1,553,027 Ibs. 
per foot. 
Ww of both spans.. 
Castings on pins and ‘abutme nts. 
Ends of inain arches 
Levers and pins...... 
3 columns of centre pier 
Wind bracing 


1.94 tons 


Masonry (estimated from 50 feet below superstruc- 
ture), 2 abutments, 7,386 cubic yards. 


AND (JUANTITIES oF DovsLE 


having been included for 


1.29 tons per 


I. 


Track 


EACH 400 PEET BETWEEN SKEW-BACK 


ARRANGEMENT. 


weight of joints.) 


Steel. Wrought Cast iron. Timber. 
iron, 

Pounds. Pounds. Pounds. Pounds. 

253,630 


110, 


050 
48,720 ... 
RE800 
137.600 ... 


20.000 
46,466 
10,000 
27,048 .. 

21,000 ... 


32,000 .... 


F746 587 25,440 


507,260 


1,493,174 50,880 


36,000 
20,400 


511,880 1 


13,174 278,900 


50,880 


1,520,587 7,000 25,440 


3,041,174 14,000 
99,000 


20,400 ... 


50,880 


20,008. 


4.620 3,061,174 278,900 JO 880 
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TABLE IL. 
EsriMare WreiGars 
o 


or AND QUANTITIES OF 


Five SPANS, EACH 29) FEEr, 


Pins; wrrn Lever 
Weight of structure ot main arch of steel—1 ton per toot 
per foot. Live load —2.5 tons per foot. Versed sine 
Ist. ONE SIDE SPAN. ren per cent. being allowed for jx 
Mats oF Wrovent 
IRON. 
DESCRIPTION, 
Wrought Cast Tim 
Iron. 
Pounds. P’nds. P'nds 
183.000 
Counter arch....,...... 44,500 
Main braces. Struts 4.000, 
2O S80 
Joints .... 5.400 
Lower chords and stringers 169,250 
Wind bracing..... N80 
Diagonais and wink 1 bracit ot 
counter arch. 4.000 
Wind bracing of are Stays 6.076 
Rods. 6.092 
Couplugs and eveplates for rods 
Suspension rods........... 6.154 
Bolts and nails Sie 688 
Rails pounds per yard 21,000 
Total 502,924 28.580 
Potal weight of 7,308 pounds. 


ones ide span : 


2,400 pounds per 
lineal foot 
2d, CENTRE SPAN 
Total weights. 533,600 


6,000 2S 580 


Total weight of centr: 


span { 568,000 pounds. 
an. 


2.272 pounds per 
lineal foot 


3d. Five Spans: 


Centre span. 533,600 6,000 28 B80 
Castings on top of pier rs and abut- 
=> 150,000 ..... 
Ends of main arches........... 30,000 
Levers, pins and connec cting rods | 12,000 
Lanterns...... | 3,000 
| 
ft. BM 
37.500 
Masonry (estimated from 50 feet 
below superstructure.) 
2 Abutments -4,910 cubic yards. 
3,630 +s 
Total -9.950 enbic vards 


* The centre span is not a bowstring girder with chord, but purely an arch 
of which is received by the piers between which it is placed. 


other spans. 


DouBLE 


Track Rarbroap 


BETWEEN SKEW-BACK 
AKRANGEMENT. 


and of wrought iron—1.2 tons 


tits 
MAIN ARCH OF 


STEEL. 


Wroug 


ht Tim- 


Cast 
iron 


Steel. 


Pads. 
86,000 


Pounds. P’nds. P’nds 
44.540 
5.00 
250 
41.700 
I8 644 28580 


$000 


6.000 


6,000 


379,924 28.580 
500.300 pounds 


2,000 pounds per lineal foot. 


86.000 350,600 6,000 28.380 
471,000 pounds, 
1,884 pounds per lineal foot. 


86,000 350,600 
344.000 1,402,400 


6,000 28.380 
24,000 113,520 


150,00) 
3,000 
136,000 1,753,000 213.000 141,900 
ft.B.M. 
37,300 
cubic yards 
vards 
; the thrust 


Hence 


it is lighter than the 


. 
| | 
ber. 
6.076 
6,992 
2 
6,154 
. OSS 
21,000 
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Mr. Squire Wuaipete.*—With regard to this interesting paper of 
Capt. Eads, I desire to make the following remarks : 

After recounting certain obstacles from the effects of temperature 
‘upon the arches of the St. Louis Bridge, and the means employed 
to obviate them, which T pass over for the present, the writer quotes * 
Mr. Peter W. Barlow, to show that four times the amount of material 
required by an arch with fixed ends, to support a given load with a 
given deflection, would be required by a truss or girder. In a general 
point of view this conclusion seems to be essentially correct, and if in 
bridge structures the v/mos/ rigidity were indispensable, or of paramount 


importance, this fact would be highly signiticant. But as the deflection 


due to elasticity of materials in # well arranged and well proportioned 


truss, under any degree of strain consistent with due regard to security 
from breakage, cannot be regarded as essentially detrimental to the value 
and utility of the strueture, I conclude that the same factor of safety 
may properly be used for the same materials placed in a truss (notwith- 
standing its greater deflection) as for those in an arch with fixed ends, 
Tam not aware of any practice where the amount of material has been 
doubled, or essentially increased, merely for diminishing deflection, and 
I presume the writer would not recommend it. Therefore, when we 
concede to the arch without chord, whatever advantage may be gained 
by the substitution in place of the chord of other available means for 
resisting the horizontal thrust of the arch, we grant all that can be 
reasonably claimed for it, especially in view of the fact that the deflec- 
tion due to change of temperature, in the arch with fixed ends, is con- 
siderably greater than what results from elasticity in any ordinary truss. 
Between extremes of temperature the St. Louis arches must rise and fall 
over one foot in addition to what, under the passage of loads, is due to 
elasticity. 

The chord of an arch (russ counterbraced between arch and chord by 
uprights and diagonals, resists about 39 per cent. of the strain upon the 
whole material of the truss ; this is as estimated for a 100-foot truss, and 
is probably somewhat less in case of greater spans, requiring more 
material in the web system. Could this 39 per cent. of material all be 
dispensed with, it would be an immense saving. But in case of unequal 
load the diagonals of the web system act (or should act) horizontally 
upon the chord, and hence the whole chord can not be done without, 

* Presented October 10th, 1874, in continuation of the discussicn on ‘* Upright Arched 
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even though the arch thrust be sustained by abutments under uniform 
load. I will assume one quarter of the usual chord section (whether 
used as chord or as ** counter-arches” in the manner proposed by Capt. 
Eads) is required to act against diagonals in the web system, leaving, 
say 30 per cent. of the bowstring truss as ordinarily constructed, to be 
saved by other means provided to sustain the horizontal thrust of the 
arch. 

With wooden arches, not materially affected by change of tempera- 
ture, it could seem then that something like this quantity of (rss material 
could be saved by abutments so arranged as to sustain the arch thrust. 
This principle is made available in the ** Burr” bridge, which has been 
extensively adopted, and for light traffic may be classed as among the 
best wooden bridges hitherto put in use. The small amount of moving 
load to which this bridge is usually subjected upon common roads, pro- 
duces no sensible disturbance in the balance of thrust of opposite arches 
against the same pier, and if the abutments are substantial, and the 
timber well enclosed, the structure will endure for a great length of 
time. It is believed, however, that if the bridge were counterbraced 
between arch and chord, in the manner of the ** Whipple ” iron arch 
truss, with chord only sufficient to withstand the action of diagonals, a 
better result might be obtained than on the genuine ** Burr” plan. But 
I do not propose to discuss the subject of wooden bridges at present. 

The expansion and contraction of metals attending changes of tem- 
perature, seriously disturb the concert of action between the counter- 
bracing system and the metallic arch with stationary ends, and hence 
the ingenious devices of Capt. Eads described in this paper intended to 
make the theoretical economy of chordless arches available in connection 
with the use of metallic arches. 

From preceding considerations it seems reasonable to conclude that 
some 30 per cent. of the truss material of wooden arches can be saved by* 
resisting the arch thrust externally, and the same may be done with 
metallic arches if the effects of change of temperature are removed with- 
out incurring counterbalancing disadvantages. 

To prevent the disturbance of the web or stiffening system from the 
effects of rising and falling of the arch due to change of temperature, 
the writer proposes (the abutments being made sufficient to resist the 
end thrust, und the piers to sustain the weight of structure and load) 
that the arch be reduced to the condition of a pair of trussed rafters in 


the form of the ** Saltash” truss, composed of erect and inverted or 
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“counter” arches, and connected by a web system of struts and diagon- 
als, or of thrust and tension obliques, between erect and counter arches, 
the rafters being jointed at the centre and ends of the span, so the latter 
may remain stationary while the centre rises and falls with change of 
temperature. Then to enable the light piers to maintain their posi- 
tious under the thrust of a loaded arch against the less thrust of an 
unloaded one upon the oppasite side, it is proposed to introduce wooden 
thrust cords under the several arches, from pier to pier. 

This device certainly appears feasible, but it must necessarily absorb 
a considerable part of the saving of metal in the chord, and the combina- 
tion of materials is somewhat incongruous. Estimating this timber work 
and its maintenance to cost one-qieurter as much as a full tension chord 
of iron, the apparent saving is reduced to about 20> per cent. of the cost 
of the arch truss with an iron chord complete. But as theoretically the 
arch truss vequires from 12 to 17 per cent. more material than the best 
types of trapezoidal and parallel chord trusses, there can be only 3 to 
S per cent. saved by substituting the metallic arch with wooden instead 
ot full-sized iron tie chords for the parallel chord truss, and this is to be 
set against the extra cost of abutments, strong enough to resist the 
horizontal arch-thrust. 

As wn alternative to the use of the wooden strut chords for the same 
object, Captain Eads describes an ingenious arrangement of lever dises 
in the skew-back block, with small thrust and tension chords, whereby 
only one quarter of the thrust of the arch (in case the live and dead 
loads are equal) is to be sustained by the iron chord. But this small 
chord must be so constructed as to act both by tension and compression 
alternately, and secured in line at short intervals, to prevent buckling 
under compression ; hence it necessarily will be more expense than a 
simple tension chord of the same capacity. 

Furthermore, there must be more or less uncertainty as to balance of 
action on these disc levers, the whole diameter of the disc representing 
that of the centre pin, while the other pins must have large diameters, 
as compared with the length of leverage. To illustrate ; if « 4 be the 


dise and ¢ d/ the pins, while the forces act 


ae in the direction of the arrows, the contrac- 


é THRUST = tion of chords causes the dise to revolve, 
/ _, sothat the bearing at « is transferred more 
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arm, whereby the tension acting upon the lower pin must exceed the 
thrust upon the upper one, possibly to a considerable extent, and when 
the chords expand this will be reversed. 

Under all these conditions and liabilities, it is not unreasonable to 
assume that the chord service under this arrangement would cost one- 
half as much as a simple tie chord to sustain the whole horizontal thrust 
of the arch. But taking it at only one-third of the 30 per cent., being 
13 per cent. of the whole material of the complete bowstring truss, in 
addition to the 9 per cent. before assumed for chord or counter arch, to 
withstand the action of diagonals in the web system we have only 17 per 
cent. of the truss material of the bowstring truss saved by this arrange- 
ment, which is but a trifle, if any more, than the theoretical advantage 
of the parallel chord over the counterbraced bowstring truss, and the 
extra cost of abutments required to withstand the horizontal thrust is 
yet to be accounted for in the comparison. 

On the whole, therefore, according to these cursory general obser- 
vations, it is not very clear that there is any great economy in the substi- 
tution of the arch plan with Capt. Eads’ truly ingenious devices for 
saving chord material and obviating the effects of change of temperature, 
for the excellent parallel chord truss as constructed by many skillful 
builders at the present day. Where the amount of action (that is the 
stress multiplied by the length of the several members) is so nearly 
balanced in different plans, greater facility of manufacture and erection 
may decide in favor of either plan. Should the practical test of Capt. 
Eads’ views prove more favorable than appears from the above consider- 
ations, all will feel rejoiced thereat. If there is a chance for greater 
economy in the construction of bridges than has yet been realized in 
practice, it is highly important, in these times of universal locomotion, 
that the fact be recognized and the advantages made publicly avail- 
able. 

The estimates for material required in the proposed plans, as pre- 
sented in the paper under consideration, appear decidedly low, and if 
sustained in the practical test, the most satisfactory results may be hoped 
for. [shall await further developments in the premises, with much inter- 
est, if not with very sanguine expectation of any decided revolution in 


the practice of bridge construction. 


| 
; 


| 


|X 
WANE 
2 é by: x 
; 
. 
anf 
/ 
RIN ™ 
? 


| 
| 
if 
| 


AMERICAN SOCIETY OF CIVIL ENGINEERS. 


INCORPORATED 1852. 


TRANSACTIONS. 
Nore.—This Society is not responsible, as a body, for the facts ard opimons advanced in any 
of its publications. 
-— o> 
XCIX, 


NOTES ON 
THE ERECTION OF THE TLLENOIS AND SP, LOUIS BRIDGE, 
A Paper by THEopore Coorer, C. E., Member of the Society. 


PRESENTED JUNE LOTH, 1874. 


I.—Mope or Serrinc anp ApsustinG THE SKEW-BACKS.—The bed- 
plates upon which the skew-backs were to rest were bedded into the 
masonry during the building of the piers and abutments. Great care was 
taken to get them into proper position, but it was found practically im- 
possible, under the circumstances, to adjust them with perfect accuracy. 
A more accurate adjustment was therefore delayed until the skew-backs and 
their connected tubes (first tubes of the arches) were in place. After these 
were hoisted into position upon the bed-plates and anchor bolts and 
firmly screwed down to the bed-plates, the following measurements and 
| observations were made to ascertain the amount and direction of varia- 

tion from correct position. Ist. The angular inclination of the skew- 
back tubes in a vertical direction was determined. 2d. The direction 
of the centre line of these tubes in reference to the centre of their oppos- 
ing skew-backs (at other side of the span) or their horizontal deflection. 
3d. A line was drawn through the pin-holes at extremities of the four 
tubes composing the upper or the lower set of skew-back tubes, to deter- 
mine the variation in the resultant lengths of these tubes, due to variation 


in thickness of skew-backs or projection of the bed-plates. 4th. The 


vertical distances between the pins in the upper and lower set of skew- 
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backs, which governed the depth of the arch rib. 5th. The horizontal 
distances between the centres of the skew-backs. 6th. The level of the 
centre line of each pin-hole at extremities of the skew-back tubes. In 
widition to these, as additional cheeks upon the correctness of the adjust- 
ment, the distances of the pins in the upper skew-backs from the pins 
in the extremities of the lower skew-back tubes—the length of first main 
braces--were taken ; also the vertical and horizontal distances between 
the centres of the pin-holes at extremities of the skew-back tubes. 

From these dimensions and observations, the amount and direction of 
the changes necessary to bring each skew-back and its connected tube into 
correct position were determined. The changes necessary to correct the 
errors shown by the 4th measurement were made by cutting out the holes 
through which the anchor bolts pass, aid allowing the higher skew-back 
to drop the proper amount. The angular changes needed to correct both 
horizontal and vertical deviations were made by inserting between the 
skew-back and its bed-plate angular plates, made of an increased thick- 
ness under those skew-backs which did not project as far as the others of 
the same set. 

These adjustments necessarily required much time and care, but con- 
sidering their great importance as bearing upon the correctness of the 
several arch ribs which spring from these skew-backs, the time was well 
spent. After these changes were made. the above measurements were 
again repeated to determine the correctness of the adjustment, and where 
they were found not perfectly satisfactory, there was further adjustment. 

Insertion oF THE CentRAL Tusnes.—To make clear the difficulties 
to be overcome in inserting the central or ‘*key-stone” tubes of an arch 
of the size and character of those of this bridge, it will be necessary to 
describe briefly the arches, the method of connecting the tubes, and such 
other conditions, as influenced the operation of uniting the semi-arches 
into one complete arch by entering and connecting the central tubes. 

Ist. Each span is composed of four arched ribs spaced respectively 
164, 12 and 16} feet apart from centre to centre (Figs. 3 and 4). Each of 
these ribs is composed of two lines of tubes (called the upper and lower 
member according to their position), spaced 12 feet apart between centres 
of the tubes. The several tubes are about 12 feet long. The upper and 
lower members of each rib are connected together by a system of trian- 
gular bracing. The first or skew-back tubes of each member are rigidly 
fastened (screwed into) the large wrought-iron skew-backs, which in turn 
rest upon the bed-plates set into the masonry ; the whole being firmly 


anchored to the piers or abutments by large steel anchor bolts. The 
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several tubes forming one line or member are rigidly connected at their 
ends by grooved couplings (Pig. 5). carefully fitted to grooves cut on 
the ends of the tubes. The couplings are made in halves with flanges for 
bolting them together. Through the centre of each coupling and the 
ends of the tubes passes a taper pin-hole for the steel pin, upon which the 
braces aud cross-stiays are attached. AL joints were made as nearly per- 
fect as the best mechanical appliances would permit. 

2d. The tube being erected, was hoisted into its place, and the end 
to be connected brought into exact abutting condition with the end of 
the tube already in position. The half coupling containing the larger 
pin-hole (the pin being taper as before mentioned) was then forced upon 
the grooves of the tubes; the pin was entered but not driven home—the 
remaining half coupling was put in place; then the coupling halves 
were drawn together by their bolts and blows of mauls, until they came 
to a solid bearing upon the grooves of the tubes; this being readily de- 
termined, in case of doubt, by removing the pin and examining the 
joints of the grooves. Before the couplings were very tight upon the 
grooves, the pin was driven into its position to draw the tubes into cor- 
rect line circumferentially. The tubes of the lower members were always 
connected first. and afterwards the tubes of the upper members. — Af- 
ter the lower and upper tubes of one section were in position, the main 
braces of the preceding section were put on. In order to get these over 
the pins it was necessary to force the members apart by jacks, or draw 
them together with tackle, according to the inclination of the braces— 
those inclining from the lower pins towards the pier of that half span re- 
quiring the tackle, and those towards the centre of the span, the jack. 

In order, therefore, to connect a new tube to those already in position, 
it was essential that the faces of the two tubes should abut accurately on 
all sides and the pin-holes be in correct correspondence. This was com- 
paratively a simple operation when only one end of » tube was to be con- 
nected ; but when it became necessary to connect a single tube at both 
ends,—as would be the case when the central tube was to be connected to 
the projecting ends of the tubes of two opposing semi-ribs—the diftieul- 
ties became much greater. 

3d. The method of sustaining the semi-ribs during their erection 
was that of suspending them from cables leading from temporary piers 
or towers on the permanent piers of the bridge, as designed by Col. 
Henry Flad, of St. Louis.* A cable was attached to the ribs at every 


*See ‘* Description of the proposed Plan for Erecting the Superstructure of the Illinois 
and St. Louis Bridge,’ by Walter Katte, C. E. Transactions XLVII. 
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third joint of the span. These cables took their names from the num- 
ber of the joint to which they were attached, counting from each end of 
the span :-as cables No. 3, No. 6, No. 9, No. 12 (main cables), No. 15 and 
No. 18. At no time were more than three cables in the same semi-rib 
under strain together, and generally only two. The sixth, twelfth and 
eighteenth cables were the permanent ones (during the erection) and the 
third, ninth and fifteenth, the auxiliary cables ; the third being removed 
when the ninth was under strain, the ninth when the twelfth, and the 
fifteenth when the eighteenth was under strain. 

The twelfth or main cables were strained and balanced by hydraulic 
rams beneath the main towers; the fixed strain being maintained dur- 
ing all changes of temperature by means of a weighted balance-gauge 
connecting with the rams. All other eables were strained by adjustable 
serews, and had no adjustment for temperature; the variations by tem- 
perature in these cables being but little different from those in the length 
of arch controlled by them, it was unnecessary. 

4th. Each of these cables was strained to a certain amount for each 
different condition of the erected portion of the arch, with the object of 
restricting the tensile strain upon the steel couplings connecting the 
tubes of the lower members of the ribs within 40 tons for each coupling; 
this being a proviso insisted upon by the contractors, although every 
steel coupling in the bridge had been actually tested to a strain of 300 
tons and over. The strains in the main cables were measured by the 
weights upon the automatic balance gauge which operated the hydraulic 
rams supporting the main towers. The strains in the other cables were 
determined by a micrometer measurement of the extension of the links, 
—one set of links in each cable having been previously marked for this 
purpose. 

Sth. To compensate for the decrease of length of the tubes due to 
the compression under the weight and load of the finished spans, each 
tube was made longer than the length caleulated from the normal curve of 
the arch by an amount equal to this loss from compression ; or, in other 
words, the tubes were calculated for a span longer than the actual 
distance between the abutments. By this, the line of tubes for the side 
spans, without any compression, would measure 3.2 inches longer than 
they would when under their mean compression in the finished work, or 
each semi-rib might be considered as 1.6 inches too long. 

6th. The long semi-arches of steel were very sensitive to the action of 
the temperature, being not only subject to direct extension and contrac- 


tion, by heat or cold, but also to a curving action when one rib became 
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more or less heated than the other. The bridge standing nearly east and 
west, one side usually received the most direct sun heat. 

7th. Starting from the skew-back tubes, all four ribs were simul- 
taneously erected as far as the tenth or eleventh tubes (Pig. 1). At 
this point the outer tubes were discontinued, and only the two inner ribs 
carried to the centre. The several ribs were connected and stiffened 
by their connecting struts and tension rods. At the centre panel, these 
long semi-arches presented a rectangular cross-section (Section ¢ d, Figs. 
2 and 4) about 12 feet deep and 12 feet wide. Considering that each 
line of tubes, after being united into a complete arch by the central 
tube would be subjected to compressive and tensile strains, according to 
the action of the temperature, it was absolutely necessary that both lines 
of tubes on the same horizontal line, either upper or lower members, 
should be joined at the same time, to prevent the buckling or warping of 
the ribs ; and not to permit one central tube to become jammed by an in- 
crease of temperature or other cause, before the corresponding tube in 
the adjacent rib should be ready to take its share of the compression. 

Sth. The standard of temperature to which the computation and 
measurements were referred is 60° Fah., and the curve of the finished 
arch, under its permanent load at this temperature, was taken as the 
* normal curve of the arch.” 

To enter the central tubes into their place betwee: the projecting 
ends of the semi-ribs of these arches, the increased length of these semi- 
ribs due to the construction as mentioned (5th), had first to be overcome. 
This was partly accomplished by the compression due to the cable- 
strains ; the remainder, it was expected, could be reduced either by in- 
creasing the elevation of the arches by means of the cables, by taking 
advantage of a low temperature, or by a combination of the two. From 
the cable-strains being restricted, as mentioned (4th), the stiffer ribs (and 
it was found that they varied in rigidity) would, ot necessity, be lower 
in position than those which were more flexible. A rib which was but 
a little low at the tirst cables would show a rapidly increasing declension 
as it extended towards the centre, and after a rib was once allowed to 
get low, it would require a much higher cable-strain to bring it up again 
than would be necessary to equilibrate the same had it been kept at its 
elevation during the erection. 

The insertion of these tubes in the first span was, of course, the most 
difficult, and occupied the most time. Every step had to be performed 


with caution in order to study its effects. | Many preconceived plans had 


to be altered or rejected entirely, as experiments proved them to be 
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wrong. For the first span, by order of the Chief Engineer, Capt. James 
B. Eads, two sets of tubes were prepared ; one similar in construction to 
those composing the arches, and made of the exact calculated length of 
the central space ; the other differing from these only in that they were 
fitted with an internal adjustable screw, by means of which the tubes 
could be lengthened or shortened toa limited extent, in case there should 
be found any errors in the measurements of the span. Both tubes were 
of equal strength; those, however, fitted with an adjustable screw pre- 
sented a different external appearince from the ordinary tubes, due to 
the extra banding necessary at the juncture of the two parts forming 
these tubes. (Figs. 5 and 6.) 

Svan [L—The last tubes necessary to complete the two inner ribs of 
this span up to the central tubes were creeted on September 5th, 1873. 
The expense and responsibility of the insertion of the central connecting 
tubes of the arches devolved by contract upon the Illinois & St. Louis 
Bridge Co.; under the direction of Col. Henry Flad, acting Chief Engi- 
neer (Capt. Eads being absent in England). the writer was given charge 
of this work ; the men were furnished by the Keystone Bridge Co. 

At this date the semi-arches were supported by three sets of cables at 
each half of span, viz., at the sixth, twelfth and cightecuth joints. The 
sixth cables were attached to all four ribs, and contained a cross section 
of 13 square inches for each rib. The twelfth or main cables were 
attached to the two inner ribs only (the outer ribs terminated at the 
eleventh joints), and contained a sectional area of 42 square inches for 
each rib. The eighteenth cables, also attached to inner ribs only, con- 
tained a sectional area of 22 square inches for each rib. The sixth 
cables at this date were under a strain of 65 tons, the main cables 176 
tons, and the eighteenth cables 73 tons per rib. 

The arches having been erected without reference to their elevations or 
correctness of line in direction of the span, stood in the following con- 
dition ; the western half of the span was one foot lower in elevation 
(measured at the extremities of the ribs) than the opposite or eastern 
half; the western half being 8} inches below the normal line of 
the finished arch, and the eastern 1{ inches above, the remaining 1} 
inches being the difference in elevation of the ends of the central tube 
(its higher end being the frve centre of the arch). Horizontally both 
semi-ribs were curved to the north, the western 3 inches and the eastern 


one inch, measured at the extremities of the mbs. This curvature was 


due to the tension-rods running in one direction towards the centre, being 
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more easily screwed up than those in the other direction ; one set being 
fitted with sleeve nuts and the others with swivels. The ribs being in 
this condition, a measurement of the space between the two opposing 
semi-arches at a temperature of 600 Fah... showed that the upper mem- 
hers of the ribs were too close together by 0.3 inch, and the lower mem- 
bers by O.5 inch. This was considered at the time very satisfactory, as it 
was not doubted, but that with an increase of cable-strains and a lower 
temperature the connecting tubes could be readily entered. 

A few days were spent in throwing the arches into line horizontally, 
stiffening the ribs with their diagonal rods, riveting the lattice straps 
between the main brace bars and in other work necessary to prepare the 
ribs for the new strains, which would be thrown upon them by tempera- 
ture os soon us they were connected rigidly together. 

During this time experiments were made upon the action of the ribs 
under increase aud variation of cable strains, the ultimate object being 
to raise the extremity of the western half to a corresponding elevation 
with the eastern. The results as obtained from this semi-arch were not 
very satisfactory for the purpose intended, for the arch was found to be 
very stiff and slow to vield under any increase of strain. From the great 
mass of metal to be moved, it was very important to study carefully the 
action of each increase of strain upon the arches and their cable system. 
Several days were, therefore, spent in these operations. After straining 
the eighteenth cable as greatly as was considered proper (to about 10,000 
pounds per square inch), the main cables to 200 tons, and slacking off 
entirely the sixth cables from the inner ribs, this semi-areh, on Septem- 
ber 14th, was 7 inches higher than it was on the 5th, making its half of 
the span still 3) inches too low as compared with the eastern half. 

At 7 o'clock a. M., this date, the temperature being 44° Fah., the 
space between the opposing ribs was found to be in excess of the required 
distance, {-inch for upper members and j-inch for lower. These 
measurements, however, did not give the true amount of clearance 
which the tubes required, as the additional space needed to enter the 
tubes in an oblique direction, which the want of level of the two oppos- 
ing ribs made necessary, was not taken into account. 

As it was not considered desirable to strain the cables beyond the 
amount they were then subjected to, it was determined to try to enter the 
lower tubes in this condition of the arches. These once entered, the 
two semi-arches could readily have been brought to a corresponding 


level without any risk, by decreasing one set of cable strains and increas- 
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ing the other. Having seeured the connection of the lower tubes, it 
was believed there would be but little difficulty in entering the upper 
tubes on an increase of the temperature. 

At 9 o'clock a. M., the plain tubes (not adjustable) were raised from the 
flat boat tothe arches. The north lower tube (Crib, Figs. 3 and 4) entered 
readily into its place ; the south one (B rib), however, would only enter 
put way. Attempts were made to force it into position, but the risk 
of getting it caught part way down was too great, as the sun was already 
expanding this side of the arch. Both tubes, therefore, were removed, 
and the insertion postponed until the next morning, at 5 o'clock. The 
following night was less cool, and at the hour named, the temperature 
being 53° Fah., the space was too short by one-sixteenth inch. 

Hoping to gain this small amount, an additional strain of 6 tons was 
added to the main cables of the western side, but without any immediate 
effect. Believing that the distance saved by having the eastern side 
higher than the western, was more than balanced by the loss due to the 
faces of the projecting tubes being one higher than the other, the east- 
ern half was lowered to a corresponding level with the western. For 
several days the temperature, especially at night, had been quite cool ; it 
now became very warm, and, judging from the weather ‘* probabilities,” 
no immediate hope of a change to cooler could be indulged. 

The Directors of the Bridge Company having made some agreement 
dependent upon this span being closed by September 1th, Colonel Flad 
determined to attempt a reduction of the arches by means of ice, in 
order to enter these tubes ; not wishing to resort to the adjustable tubes 
until all chances of inserting the others were tried. For this purpose, 
all the tubes of these two inner ribs, over both halves of the span, were 
wrapped with gunny cloth. Boards, on edge, were placed between the 
braces on each side of the tubes, thus forming continuous lines of 
troughs, in which ice could be placed and the tubes cooled. At sunset 
of the 15th the arches were too close together by 2) inches—that is, the 
tubes would not enter by this amount. The temperature had been quite 
warm, about 80) Fah. in the shade. Preparations for using the ice were 
not completed until the 16th, at 2 o’clock a.m. ; 10 tons of ice were 
broken, hoisted, and distributed over the tubes, the bagging being first 
thoroughly wetted with a hose. During the whole night a warm south- 
erly wind prevailed, and, with the temperature above 60 Fah., counter- 
acted much of the effect of the ice. At sunrise the space was still 
3-inch too short, but the ice had produced a contraction since sunset the 


day before, equivalent to a reduction of temperature of 42°. 
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During the day and all night of the 16th, the icmg was continued, 
in hopes to finally overcome the influence of the warm weather. By 
evening the space had become reduced, so that to enter the tubes a 
contraction of 1! inches was needed. At 11! o'clock vp. M., this was 
decreased to j-inch, at which it remained until the morning of the 17th. 
This night, also, a very warm southerly wind prevailed, and cut away 
the ice as fast as 50 men could hoist and distribute it. 

On the morning of the 17th, there being no prospects of a change to 
colder weather within the time to which we were limited, Col. Flad felt 
compelled to order the use of the extensible tubes ; especially as these 
were only fitted with a moderate amount of adjustment (about 1) inches), 
so that, should the weather continue as it was, they even could not be 
entered after the effects of the ice had disappeared. The lower of these 
tubes were first entered ; there was some little difficulty with the south 
one, but finally both were in place, and one end of each tube was readi- 
ly connected by means of its coupling wand steel pin. Before the other 
ends could be connected it was necessary, by means of lines and clamps, 
to draw the tubes into correct line with the projecting tubes of the op- 
posing ribs. The steel pins belonging to these joints were then entered 
into the pin-holes of the tubes, the coupiing being left off for the time; 
the pins held the tube ends in line vertically, and the screw clamps 
kept them from moving horizontally. Then the bearing faces were 
brought together by means of the adjustable screws and a slight 
lowering of the eastern ribs by slacking off the main cables. The 
couplings were next readily entered upon the grooves of the tubes, and 
the connection of the lower members completed. Having, by means of 
struts and rods, secured the lower members against any tendency to 
buckle horizontally, the upper tubes were entered in a similar manner. 
The braces connecting the upper and lower members were all put on, 
(excepting one set, which could not be until the adjustable tubes were 
screwed out to proper lengths), and the whole firmly strutted and tied 
together. At 10 o'clock p.m., September 17th, after 65 hours’ constant 
work with a force of about 60 men, the first arch was successfully con- 
nected, 

From the difficulties thus experienced, it was decided to use only ad- 
justable tubes for the remaining spans ; it being too important a matter 
to be dependent upon the condition of the weather and the uncertain 
action of the arches under the cable strains. © After experience in screw- 
ing out the arches to their proper lengths, as will be explained hereafter, 


a change in the manner of connecting the last joints was adopted. After 
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the central tubes were rigidly connected at one end by means of the 
coupling and pin, the remaining end was only connected by a loose pia 
joint, as follows :—the tube ends were brought into an abutting condi- 
tion, the steel pin entered into the pin-hole through the tube ends, and 
the tubes prevented from moving sidewise by means of clamps. As in 
this method the couplings were left off from the joint, much trouble was 
avoided. These joints were kept in this condition until the central 
tubes were screwed out to their proper length, when the permanent con- 
nections by means of the couplings were made. This method was per- 
fectly safe so long as the cables were under strain and the tube ends kept 
ata true bearing with each other. 

Sean [L.—Both sides of this span, came together well as to level ; the 
west half was perfectly straight for centre line ; the eastern half was 
bowed to the south 1) inches at its extremity ; on Dec. 16th this arch 
Wats readily connected ina few hours, the temperature and elevation being 
very favorable. 

Span T1L.—This last span gave considerable trouble, as the cirewn- 
stances were very similar to those of Span [; one side (the eastern in this 
ease) being much lower and stiffer than its opposing semi-arch; the weather 
was quite warm for the season (58 Fah.), and, also, it was financially 
necessary to close the span by a certain time. This latter fact was not 
known till December 17th, at noon, and the time expired on the morning 
of the I8th. At the first-named hour (when I received orders from the 
Chief Engineer, Capt. Eads, to have this span closed by 7 o'clock the next 
morning) the eastern half was still 3 inches too low, the main cables 
were strained to 200 tons per rib, and the others to their full capacity. 
The tubes, after being shortened as much as the adjustable screws would 
allow in their present condition of thread, were yet too long by |-inch ; 
the hydraulic jacks of the east abutment towers, by means of which the 
main cables for this half span were strained, had reached their full throw 
from the strain they were under and the unusual warmth of the season (they 
having been lowered some time before on account of the cold weather). 

In order to succeed in entering the tubes, it became necessary to 
raise the jacks upon blocking, and to increase the strain on the main 
cables of the east side to 210 tons. The screws of the adjustable tubes 
were also cut by filing and chipping so as to obtain {-inch more adjust- 
ment. At 100’clock vp. m., the wind, which had been quite warm, changed 
to the north and produced a sufficient reduction of temperature to assure 
the entering of the tubes, and at 114 o’clock pv. M., every preparation 


being completed, the tubes were hoisted to the arches. The remainder 


‘ 
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of the work was merely a repetition of previous experience, but was 
necessarily delayed by the inconveniences of working upon seaffolding 
by torehlight. At 7.400’clock a. M., on the 18th, the last arch was closed. 

As soon as each span was connected by the insertion of the central 
tubes of the inner ribs as just described, the erection of the remaining 
tubes of the outer ribs was continued. With the exception of cables Nos. 
3 and 6, which were used for supporting the first eleven tubes during 
their erection, no cables were used for these outer ribs. At the time of 
connecting the inner ribs, those outer ribs were sustained by a cable at 
the sixth joint only—the third cable having been removed at the same 
time it had been removed from the inner ribs. 

During the continuation of the erection of these outer ribs beyond 
the eleventh joints, the weights of these outer ribs were transferred to 
the inner ribs by means of temporary diagonal rods attached to the tubes 
by clamps. The rods used for this purpose were the lateral rods belong- 
ing to this part of the work. One of these rods was attached to each 
length of tube, and a double set at each third tube. As each rod was 
fitted with an adjusting screw, it was very easy to keep these outer ribs 
itany desired elevation with reference to the inner ribs to which they 
were attached. No difficulty was therefore experienced in inserting their 
connecting central tubes. 

IIL. —ScrewinG ovr tHe Arcues.——After the connection of the inner 
ribs of the first span by the use of the adjustable tubes, it became neces- 
sary to screw out these tubes to their full length as required by the caleu- 
lations. The screws in these tubes were made from forged wrought-iron 
rings 18 inches long, 15 inches outside and 11 inches inside diameter. The 
serew thread was right and left-handed on the different ends, square and 
fy-ineh deep—the pitch was {-inch. In the cylindrical part of the screw, 
between the right and left threads, six holes 1) inches in diameter were 
bored, for the purpose of passing rivets to fasten the steel rings, which 
were to fill space 4 (Fig. 5) after the tubes were screwed out to proper 
length, and make a solid steel connection throughout the tube for com- 
pression. The screws had been prepared of this form, with the original 
expectation that they would only be needed to lengthen or shorten the 
tubes before they were inserted into their place; the necessity of forcing 
apart the arches with these screws had not been anticipated. They 
fitted very snugly and required a moderate power to turn them, even 
without any pressure against the threads ; and with any strain of either 
compression or tension upon the tubes it became very diffienlt work to 


move them by the use of lars inserted into the 14-inch holes. 
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After the inner ribs were connected the cable strains were reduced so 
that there was only about 160 tons strain on the main cables. Then the 
erection of the outer ribs was going on, and this threw the additional 
weight of these outer ribs upon the inner ribs. 

Efforts were made to turn out the serews in the first arch by means of 
bars inserted in the holes of each serew, connected at the ends in 2 
wheel form. But slow and slight progress was made, as the bars were 
constantly being broken. The tubes being fastened at both ends by 
means of their couplings, were subject to the strains of compression 
and tension according as the temperature varied. Only at the interval 
when these strains were zero could any result be obtained in moving the 
screws. With the varying temperatures, to determine when this oc- 
curred was only possible by keeping a constant strain wpon the bars. 
The great labor necessary and slow progress made, led to two improve- 
ments which overcame the difficulty in the remaining parts of the arches. 
First, the remaining ribs were not rigidly connected by couplings on 
both ends of the central tubes ; one end of these tubes was left free by 
making a pin-joint only, as before mentioned. By this means no ten- 
sion could be got on these tubes, and any opening or relaxation of 
compression at this loose joint produced by contraction or expansion of 
the arches (according as it was a lower or upper tube) could readily 
be taken advantage of, by setting out the screws. The second improve- 
ment was the designing of a wrench of a suitable form to turn these 
screws, even under a large compressive strain. These wrenches were 
made of railroad iron and resembled in form an elongated letter A. 
Each foot was fitted with a 'T shaped nipper, sufficiently narrow to enter 
the opening (4, Fig. 5) between the bands of the tubes, which in some 
cases was only j-inch. This wrench was about 7 feet long and acted by 
direct shearing strain upon a 1}-inch steel pin passing through the 
screw and projecting sufficiently at each side for the nippers to catch 
it. By means of the bars, as first used, we could never put a greater 
strain upon the screws than exerted by four men on an ordinary 
crab with a single line; but with the use of the wrench the power of 
six men on a double-geared crab could be transmitted through a six-fold 
purchase to the end of the wrench. Three of- these wrenches were 
broken, two by tearing apart the tension side (of the rail bar) and one 
by an inclined shearing of the compression side. The fourth one was 
strengthened on both sides by the addition of a six-inch channel bar 
riveted to the foot of the rail. 
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In screwing ont the arches, advantage was always taken of the tem- 
perature, by screwing out the lower members during the early and cooler 
part of the day, and the upper members during the warmer part ; both 
members were kept moving out together as far as was possible. The 
screwing out of the outer ribs gave much more trouble than that of the 
inner ribs; for these received little or no compressive strain from the 
cables—the only one acting being the sixth, which acted on but. six 
tubes, and even on these at an unfavorable angle. ‘To make up for this 
deficiency of compression, it was necessary to aid the action of the wrench 
by raising these outer ribs with the tension rods on which they were sup- 
ported. By alternating the action of the screw with the tightening up of 
the suspension rods, these ribs were finally gotten out to their correct 
length. Finding in the first span that the compressive strain thrown 
upon any tube by the action of the wrench could be relaxed by lifting 
the ribs with these rods—the number of the rods was much increased in 
the other spans when it became necessary to screw them out. 

LV.—PossiBinity OF REMOVING AND EXCHANGING ANY ‘TUBE OR OTHER 
IN THE FINISHED AncHhes.—From the experience gained in ereet- 
ine, connecting and screwing out the arches of this bridge, I feel con- 
tident, that should occasion require, it is quite possible to remove any 
part of the arches without the use of cables above, or false work be- 
neath. For instance, a tube could be removed and another inserted, 
with no risk to any part of the structure, and but partial interference 
with the traflic, in the following general manner. Suspend the rib 
from which the tube was to be taken, apon the adjacent ribs by means 
of diagonal suspension rods, in a manner simikuer to that whereby 
the outer ribs were supported during their erection. The total dead 
weight on one rib does not exceed one ton per foot of span; this would 
be 520 tons fora rib of the centre span, to sustain which would not re- 
quire a large amount of material. In every case, this weight could be 
distributed oyer at least two other ribs, without exceeding the moving 
loud for which they are calculated. The weight of this rib being on 
these rods, the adjustable screws could be relaxed sufficicitly to relieve 
the respective members from tension and compression. ‘The rib could 
then be disconnected at any point and a new tube inserted. The tem- 
perature at the time should be considered, and all means taken to hold 
the rib in its position by struts and tie rods, in order that it may 


not move from its proper place, and thus prevent or delay the insertion 


of the new tube. Tf all material were previously prepared, the whole 
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operation need not take a longer time than 48 hours, and would perhaps 
be possible within 24 hours. * 

The removal of a skew-back tube would be more laborious, but still 
within possible limits. These tubes being screwed into the skew-backs, 
it would be necessary to remove another tube first in order to obtain 
working room to unscrew them; it would be comparatively slight labor 
to remove any other part of the arches. 

These cases may ever be hypothetical, but, nevertheless, they are 
interesting and peculiar points in the construction of this great work. 

V.—Mernop or Paintine tHe oF THE TUBES AFTER EREc- 
rion. —The tubes as well at all other pieces of the bridge were painted on 
all sides before they left the shops of the Keystone Bridge Co. But 
it was also necessary that the interior of the tubes, and especially their 
joints, should be thoroughly painted after the tubes were in place. This 
could have been done for cach tube as the work went on ; but it would 
have interfered very much with the progress—especially as it was not a 
specified duty of the contractors. Various methods of doing this had 
been under discussion up to the time of the completion of the inner 
ribs of the first span to the central tubes. From the necessity then, of 
performing the work in a short time, so as not to delay the insertion of 
the central tubes, all plans were reduced to a consideration of which 
would be the most expeditious and yet effective. This induced the 
adoption of the following; «a small spindle-shaped vessel of a size 
such as would pass freely up and down the tubes beneath the steel pins 
which go through the ends of each tube (this space being about 4 

* After the completion of all the iron work on Span I, and most of the wood work of the 
upper roadway (March 24th-26th), two tubes in the lower members of Ribs Band C(B, 19-20 
and C, 18-19, Figs. 2 and 3), which had been injured during the erection, were removed by the 
writer and new ones inserted instead. At this time these ribs were practically loaded with 
their full permanent load, and were unsupported by any cables. The delay in replacing these 
injured tubes was due to the length of time required to prepare new ones; but one tube was 
removed atatime. As previously described, the weight of the ribs operated upon was, by means 
of diagonal rods, taken from the adjacent ribs (Fig. 3), such additional rods as were required 
being borrowed from the other spans. After these rods were sufficiently tightened fora 
few joints each side of the injured tube, the diagonal rods running in the opposite direction, 
tending to hold the rib down, were also strained, thereby providing against any tendency of 
the arch rib to raise at this point, and bring a cross strain on the upper member. The lower 
adjustable screw was then gradually slacked, and the strains in the rods carefully watched, to 
see the tendency of the rib. It was found that slacking the lower screw }-inch without 
changing the upper one, would permit the removal of the injured tube and the insertion of 
the new one. When this was inserted and connected, the adjustable screw was screwed out to 
proper length. and the strains gradually removed from the supporting rods. But 7 men 
were employed in all the operations. The simple operation of changing a tube did not require 
over 12 hours, but the work of preparing the supporting rods, cutting out and 1-vriveting the 


braces, &e., for the two tubes, took 4 days; with more men, all this for one tube could have 
been done in 12 hours. (Note adled September 27th, 1874.) 


by 5 inches), perforated at the top and sides with fine holes, its bottom 


filled with lead, and the whole set upou rollers, was fastened by a movable 
joint to a gas-pipe in 12-feet pieces which were together equal in length 
to that of the semi-arches. This apparatus was prepared and set to work 
within 24 hours—it was first forced down the whole length of the tubes, 
joint by joint, until it reached the skew-back, and then attached to a 
force pump by a flexible hose, and thin asphaltum varnish forced down 
the pipe. A steady spray of the paint was projected against the top and 
sides of the tubes, and the surplusage ran down along the bottom ; 
the pipe was slowly withdrawn, the pump being kept at work. This 
sprinkler being made too weak, soon broke, and was replaced by a 
simple gas-pipe, closed at the end, and perforated on all sides with numer- 
ous fine holes, their aggregate area being proportioned by experiment to 
the capacity of the pipe, which was one inch in diameter. 

This method, considered with regard to painting only, was a wasteful 
one ; but as it was determined to fill the lower or skew-back tube tem- 
porarily with the mixture, in order to allow it to penetrate the joints of 
the staves, screws and backing, and protect them from the attack of 
water, to which they would be most exposed, should there be any leakage 
or condensation within the arch-tubes, the ‘waste was nothing, for even 
this method required only enough material to give a surplus sufficient to 
fill these lower tubes, (about 1) barrels for each skew-back tube). 

The plan worked readily when the weather was warm enough to keep 
the varnish thin, and was so satisfactory, that the same apparatus was 
used in all the arches. Had preparations heen previously made at the 
skew-backs, to draw off the surplus material, and use it over again, there 
need have been no waste under any circumstances. 

Tests OF THE BRIDGE, WHEN COMPLETE, (ADDED Sept. 277TH, 1874).-— 
A 30-ton locomotive at different positions of the center span produced 


these results on Rib 3B. 


DEFLECTIONS (INCHES). 


ENGINE aA‘ 


At Joint 11. At Centre. At Joint 33. 
West Quarter, Joint 11...... 0.516 0.12 —0 06 
Centre of Span, 0.216 0.6 0.12 
East Quarter, Joint 33... —).024 0.73 


Similar observations were made at other points. The same load at 


different points produced the following results : 
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25 
DEFLECTION (INCHES)—AT CENTRE 0} \ 
ENGINE i 
Span |. Span Il. Span Ul. 
At Contre of cach 0.636 0.6 0 636 

Moving 5 Miles per Hour............ .... 0.5 0.42 0 = 


Different loads, at different points, caused these detlections : 


DEFLECTION (INCHES) AT 


Loap (allowing 15 Tons for each Tender). CENTRE 01 
Locomo- WEIGH" 
PLACED ON MIDDLE OF Rib 4. Rib B. Rib 
7 South Track of Span III ...... 2.48% 1.84 1.33t 
2.48 1.8 1.277 
Span ........ 3.048 2.892 2.616 
‘ South * ) 
Span Il .... 3.48 3.44 3.89 
350 South = ) 


* Loaded rib t Rib partly loaded. 


| 
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The greatest vertical deflection of Span IT, when one-third was loaded 


with locomotives was 1.43 inches and at the fourteenth joint ; wl 


leh Ohe- 


half was loaded, this maximum deflection was 1.67 inches and at the four- 


or 


aw 


teenth panel, and when tfive-eighths was loaded, it was 


the seventeenth panel. 


The greatest negative deflection or ** 


inches and at 


rise’ of 


the same span, when 12 of the 44 panels were loaded was 0.63 inch and 


at the twenty-ninth joint. With a load of 334 tons on north 


Span 1, Rib Cof Span IT raised 0.5 inches 


track of 


on south track of Span IT, 


Rib L. of Span TP raised 0.12 inches—on south track of Span T, Rib B of 


Span LD raised 0.216 inches, and with the same load moving eastward 


over Span L. Rib 2B of Span Uf raised 0.48 inches ; in each 


meusurement being at centre of the rib. 


case the 


After each test the load was entirely removed and observations made 


for permanent set, which, however, was not at any time visible, 


vuy side deflection of the outer ribs under the various loads dis« 


nor was 


rvered. 


isi 
O83 
0,82 
me 
| 
3.92 
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THE EDUCATION OF CIVIL ENGINEERS, 


A Paper by Tuomas C. CLanke, C. E., Member of the Society. 


Reap June 10rn, 1874. 


Men's characters are the resultant of two factors, birth and educa- 


tion—education used in the broadest sense of the word, and meaning 
bs the development of all our faculties, both by instruction or the educa- 
tions of the schools and by that larger education of the world which 
comes from experience and practice. 

Some men are born with such great natural abilities that they educate 
themselves in spite of adverse circumstances and become leaders by the 
sheer force of genius. But such men form the exceptions and not the 
rule. Most of us are quite as much, if not.more, indebted to education 
for success in life, than to our natural powers, and it is of the education 
of this class for that profession or art which we call Civil Engineering, 
which T have to speak. 

The methods of this education used in this country and in England 
differ materially from those on the continent of Europe. Here we begin 
by a course of study at some school, college or technological institution, 


and complete our education by serving as assistants on some class of pub- 


lic works, for which we receive more or less payment. In England, the 
cowrse is the same except that there boys begin younger and with less 
perfect theoretical education ; then they serve their time under some 
practicing engineer from three to five years, and pay him a premium of 
£300 to £500 for the privilege. This they do, because their chance of 
futare employment depends on being personally known to some engineer 


in large practice. On the continent of Europe, practical training by 


serving on public works as an apprentice to some engineer is unknown. 
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Education begins at the other end, by the compulsory acquirement of a 
high degree of theoretical knowledge. Partly with this and partly after- 
wards, a certain amount of practical information is given, but the lead- 
ing idea is to make a man a thorough engineer theoretically before he 
begins or is even allowed to practice. 

In this country, the tendency, of late vears has been towards the con- 
tinental methods. We have attempted with a wise eclecticism, to com- 
hine the advantages of both systems, and educate our engineers in the 
theoretical principles of the science tirst and then let them acquire 
practical knowledge by practice itself. 

The important question for us to consider, and to which I wish to call 
vour attention to day, is, Whether a classical education should be com- 
bined with a purely scientific course or pot, in that earlier part of engi- 
neering education which is got in the schools. We can answer this ques- 
tion only by considering what is the object of education at all ? 

It is to enable us to know ourselves and to know the hows of nature. 
To know ourselves, we must know the capabilities of the human mind, 
nnd this will best be found in the literatures of nations. To know 
the laws of nature, we must study the physical sciences. The study 
of letters is the history of the development of human foree and will. 
The study of nature is the study of those forees which lie outside of 
human will, It is the office of the engineer to subdue these forces by 
human will for the benefit of man—or as the motto of the British Insti- 
tution of Civil Engineering has it ‘* Civil Engineering is the art of 
directing the great sources of power in nature for the use and conve- 
nience of man.” Man and nature, then. should be his study. These are 
the views of Matthew Arnold, who strengthens his own authority by the 
opinions of other distinguished educators. My own experience coincides 
with this ; observation has shown me by numerous instances, that those 
persons who have come to the study of Civil Engineering after a thorough 
training in both natural science and also, to use the good old expression, 
the humanities,” are those who make the most rapid progress. When 
2 man has learned how to learn, he can quickly learn anything. 


The limits of this paper will not allow me to point out in detail the 


course of studies which should, in my opinion, be pursued. But T may 
say generally—it is of the greatest Importance that what Bacon calls ** the 


relative values of knowleges” be understood, and not too much time be 


viven to one class to the exclusion ef others. The mistake of classi- 
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cal teachers is, that they value grammar higher than literature itself. 
On the other hand, the mistake of teachers of science, is that the mathe- 
matics preliminary to a knowledge of the hows of nature, is valued higher 
than the knowledge itself. 

Much time is wasted in our colleges and technological schools over 
the higher mathematics. Every engineer here will agree with me that 
the cases where the use of the higher caleulus is indispensable are so few 
in our practice, that its study is not worth the time expended upon it, 
and we have the highest authority for saving that unless its use is con- 
stantly kept up. we become too rusty to use it at all. Unless the student 
possesses an extraordinary genius for mathematics, | would limit its 
study to the ordinary analysis. 

The time saved LT would devote to the study of natural science in some 
of its branches. What is it? It consists of observations of facts and 
the relation of phenomena, of drawing conelusions from the data thus 
aequired and of finally verifying these conclusions by observation and 
experiment. ‘This is the best mental discipline, for it strengthens both 
the observation and the judgment. It teaches patience, accuracy and at 
love of truth for its own sake. Tsee no reason why the study of the 
properties of all materials of construction should not be made a branch 
of natural science and studied, not alone by taking for granted what the 
hooks say, but by observation and actual experiment, 

The should include the study of both ancient and moder 
languages; the object being to read and understand whet is written in 
them and not to bea philologist. But let it not be forgotten that the 
study of our own noble language is worth that of all the rest put te- 
vether. Indeed it is not sure but that the greatest advantage that 
we derive from the study of other languages is, that it enables us better 
to understand and appreciate our own. = In regard to stvle and expres- 
sion, any men who can think clearly, can write clearly. The best style 
is that which conveys my thoughts to vonr minds by the line of least re- 

Let 1s now SUppose that our student has finished his college course, 
iustead of entering the technological school, T think le should at once 
vo into the ti ld and the office, and learn the actual practic eof his profe “- 
sion. His training will have given him the power of generalizing and 


he will be able to see the principles which underlie all classes of practic D 


and to distinguish what is most necessary to be Jearned. © He will very 
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quickly find out the reason why things are done. | After some time spent 


in this way in getting experience of how the affairs of the world are really 
carried on, not how they are said in books to be done, he may, if he can 
spare the time, go back to the technological school. His practice will 
have shown him his own weak points and the ‘relative values of knowl- 
edges” taught there, and he will lose no time, but apply his whole force 
to that which he most needs. 

The practice of Civil Engineering is now so much specialized, that by 
this time he will probably have selected the branch that he means to fol- 
low. That branch is the one that he should study in the technological 
school. Then comes the time, when the value of knowing one thing 
well, will be appreciated. 

If his abilities have obtained for him valuable employment or connec- 
tions which he is unwilling to break up by going out of business and 
back to school, he can pursue the special branch of technical knowledge 
he requires, either by himself or with the aid of a private tutor. Tf, for 
exumple, he takes up one of the branches of hydraulic engineering, let 
him concentrate his mind upon the science pertaining to it. If he pre- 
fers iron bridges as his specialty, he can find occupation for all his 
powers in studying the application of statical laws to this class of struc- 
tures. 

By this means, whatever he tries to learn he will probably learn 
thoroughly and well. On the other hand, if he attempts to cover the 
whole field of applied science, he will have a smattering of many things 
and have nothing well. 

To recapitulate—let the earlier studies tend toward developing the 
mind of the student, strengthening his powers of observation and judg- 
ment, and teaching him to generalize. Then let him go into the field 
and study actual practice, select his special branch, and acquire the 
technical scientific knowledge necessary to the practice of that branch. 
Let him learn general principles in the schools and technical knowl- 
edge while in practice. 

But a few days ago the greatest of American railway managers and 
engineers passed away from among us. The life of John Edgar Thom- 
son teaches us some things which it is well to consider: 

First.—It teaches us first the value of concentration. He gave his 
whole mind and heart and soul to lis business. As has been well said : 


* It was his birthright, his education, lis pride, profit and amusement,” 


and well did it repay hin: for his pains. 
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Second.—It teaches us the value of (rainving. The method and dis- 
cipline of his carly engineering studies and practice were of the greatest 
value to him when conducting the larger operations of his mature life. 
His knowledge of the value of that training has been shown by the kind 
of men whom he has left as his successors. 

Third.—We see that no man can hold the position that Mr. Thomson 
did without a very broad and general grasp of intellect. He may be a 
specialist and know some branch of his profession much more thoroughly 
than the rest; le must have much special knowledge of the details of 
wll its branches; but all this will avail him nothing unless he has the 
power of generalizing, which enables him to look at his business as a 
whole and appreciate the relative values of all its different parts. And. 
this power is naturally given to but few men, but in all it can be vastly 
increased and developed by the power of education. 

T will conclude this paper by recommending the young engineer to 
take for his motto these noble words of Prof. Clerk Maxwell: ‘* Accu- 
racy in measurement—truth in statement—and justice in action ; our 
noblest attributes as men, because they are the essential constituents of 
the image of Him, who in the beginning created not only the heavens 
and the earth, but the materials of which heaven and earth are made.” 

Pror. Estavan A. Fvrerres.—It seems to me that the Society does 
not accord to our profession the rank that it deserves samong those which 
require a lesser, and even an inferior kind of mental effort in order to 
be useful to mankind. This injustice may be attributed as much to de- 
fects in our technical training as to the unbalanced nature of our gene- 
ral education. No one will deny that, as a class, engineers are under 
paid for their responsible and difficult work, and this fact must be con- 
sidered as a fair standard for estimating the value that the world sets 
upon their services. 

It may be taken for granted that any system of education that does 
not tend directly to tit the young practitioner for the successful applica- 
tion of the theories of the profession will be a failure. Now, then, what 
is the theory of engineering, or what do we understand by Civil Engineer- 
ing? T cannot accept the detinition quoted by Mr. Clarke. If the Civil 
Engineer wields the ‘ art of directing the great sources of power in 
nature for the use and convenience of man,” what is there left for other 
people to do?) We only build roads and bridges, improve our coasts, 
excavate canals, drill tunnels, and perform other important functions with 


patient toil and, generally, great expense. However, I believe, that Civil 
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Engineering ought not to cover such a vast field of action under one 
title. One by one the mining, mechanical and bridge engineer has con- 
quered each his own tield, and there is a tendency, more or less recog- 
nized, towards further subdivision. Almost every engineer of note has 
a specialty, and study and experience are constantly leading him into 
nntrodden tields of inquiry “in his own particenlar line.” Hydrautlies, 
bridging, sea-works, manufactures, canals, machinery, railroads and 
mining involve important functions, and almost every one of these 
departments is still further subdivided into specialisms. Now, T ask, 
ean any school, in the usual time devoted to technical training, do justice 
to the general theory of engineering or to the study of the fundamental 
operations claimed, or rather included, within its domain. The answer 
to this comprehends the reason why the education given to what are called 
‘engineering graduates” is so varied and heterogeneous in the different 
schools of the country. Our schools of enginesring do not represent a 
concrete idea. As Loncee wrote to the Society referring to statistics 
enclosed at the time), it is often impossible to form any idea from the 
dominant studies in the curriculum, as to the nature of the courses 
taught in our schools, They are nearly all atfected by personal idiosyn- 
cracies, 

Then as to method. Some of us maintain that abstract theory will 
so train the mind that professional experience will, in a short time, re- 
concile the unsophisticated graduate to the discrepancies between theory 
and practice, Also, some stress is laid pon the slim opportunities foi 
theoretical research after entering upon active business life. fT would 
take this side of the question if there were no alternative between inap- 
plicable theory even and the rule-of-thumb ; but, since our profession 
demands the active exercise of a variety of accomplishini nts, if we can 
obtain a rational, practical education, we ought to strive to perfect it, 
and put it into operation. Also, professional enthusiasts are apt to for- 
vet that we are men, above all, and that in our contact with other men 
we must not narrow ourselves to being merely business or professional 
instruments. The vreat object of the engineer's education is not al- 
together technical. strictly theoretic-professional education, Tam 
convinced, engenders evil effects, restricting onr capacity for the enjoy 
ment of happiness to be derived from our intercourse, as men, with : 


large variety of human and charming beings who walk other paths than 


our and who can do us much vood. 


* Proceedings, page 60, 


Referring ourselves to the average engineer, not to the man of genius, 
T believe that the danger of working by the rule-of-thumb is not com- 
pletely banished by the influence exerted by a strictly theoretical educs- 
tion, while, on the other hand, it tends to produce utopian controversal- 
ists, and men blind to the hints of experience. Tf they are naturally 
timid they will never accomplish anything, and if they are plucky they 
will blunder along for a much longer period than they ought. 

Another class of engineers, generally the older practitioners, believe 
that a young man should go into the ticld before entering the schools 
Is not this due to their individual experience with the evil effects of the 
purely theoretical method of teaching 2? It seems to me that there is an 
wnachronism in this sort of back-acting system, which is opposed to 
nearly all kinds of experience. 

It is not improbable that the scope of our profession is so often mis- 
understood, because we have not taken pains to detine its limits, telling 
the world just what we pretend to be, and what we are capable of doing. 
If our attributions were more specifically known, it would be easier to 
shake off the numberless tradesmen, machinists, surveyors, and rule-of- 
thumb men, who now tind shelter under the elastic or ductile name of 
Civil Engineer. 

Lalso believe that if the power possessed by the Society in shaping 
public opinion should tend to divide our profession into detinite special- 
ties, the universities and colleges would bring about the practicable im- 
provement of establishing particular courses for them. [see very clearly 
that this would at once ameliorate some of the evils resulting from our 
present system or rather necessity, of teaching in the abstract for the 
purpose of covering a wide range of ** applications.” 

With regard to the amount of mathematics that the engineer should 
study, | should like to have the question settled one way or another, after 
careful consideration. T do not see iy way clearly in this question, that 
is, to my mind, more transcendental than is generally regarded by most 
men in uctive practice. [tis true that there are very few cases in which 
the engineer weeds the higher analysis : that not one in a hundred uses it 
at all; that if cannot possibly be applied unless we are quite familiar 
with it ; that, like correct fingering on a musical instrument, it makes 
severe demands upon our time, and that if is easily forgotten, because 
much of its machinery or action is dependent upon forms or processes that 


must be memorized for instant choice when needed. But will engincer- 


ing thrive without the higher mathematics 2? Can we safely trust te 
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* hiring the services of the mathematician” to work out our problems if 
either we cannot understand his demonstrations or he cannot grasp the 
aim of our inquiry ? 

For the sake of discussion let me propose the following engineering 
specialties, and a rapid outline for a course of studies : 

Specialties—Railvoad engineer, bridge engineer, water-works and 
canal engineer, hydrographic engineer, mining engineer, dynamical en- 
gineer, geographical engineer, industrial engineer. 

Requirements—Previous graduation in a classical course—a higher 
mathematical standard for admission than is generally required at present 
by the schools ; two vears’ abstract study (with practice) on such subjects 
as form the common ground-work of the engineering specialties ; one 
years’ additional study in sciences tributary to engineering in detail, 
together with a system of lectures and recitations under different special- 
ists, for the purpose of developing predilections among the students for 
any one of the engineering specialties ; after the student, with the ap- 
proval of the faculties, has selected the specialty best suited to his in- 
clination and temperament he is to be handed over to the care of a 
** special” professor for one additional year, and this training to lead to 
a bachelor’s degree ; after two years of additional special study and prac- 
tice, the full or advanced degree to be conferred. 

This will be equivalent to six years of technical ‘instruction, with 
drawing, laboratory, field and machine-shop practice, excursions, office- 
work, &e., besides the training in /mimanities. 

That six years is not too long a time for the purpose no one will deny, 
wand that it will not become a serious bar to the education of poor young 
men can be proved by the number of indigent students who have gone 
and are going through our present courses in this University,* and who 
take a post-graduate course. In fact the large majority of our students 
come to us from the ranks of the indigent grit of the land. 

In conclusion, [ will add what T need hardly state, that [ coneur fully 
with the writer regarding the study of language and humanizing sub- 
jects. Technical fitness, per se, does not insure engineering success. 
Besides professional eminence, the engineer must possess business capa- 
city and tact, and he is constantly called upon to employ language 
demanding the most difficult kind of eloquence. He can never follow 
the sympathetic advice of Horace: ‘Si ris me flere dolendum est 


primum ipsi tici.” The tight pockets of financiers are proof against the 


* Cornell University. 
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emotions, and Mr. Clarke’s line of least resistance is always referred in 
engineering te that set of coordinate axes representing the mcst serdid 
lines of human action. Since the engineer must use lan guage elegantly 
and forcibly, his education should provide for this necessity 

Mr. Francis Cottinawoop.—In the admirable paper under discus- 
sion, it seems to me there is hardly cnough stress laid upon the original 
meaning of ‘the word ‘educate.’ It is a question whether 
“natural powers” we could ever succeed at all in life. The process of 
educating is not alone that of instructing or adding knowledge ; it has 
iso the more important object, as the word implies, of leading, drawing 
out, and developing the natural powers already possessed. It is just 
here that most educators ia our schools, high and low, make a fatal 
mistake. Instead of trying, by a systematic process, to bring out the 
analytical and synthetical faculty, to educate and control the imagina- 
tion, and to develop acenrate and thorough habits of observation, their 
chief aim seems to be to load down the memory with « mass of facts, 
often poorly arranged, and which the man has, in after life, to sys- 
tematize for himself. 

No one will deny that education, asa whole, is a life-long process. 
The writer very justly observes, that ** when a man has learned Jor to 
learn, he can quickly learn anything.” The important thing, then, is 
to teach the youth Jom to learn. In this view the knowledge gained 
at the school becomes the framework which the man is all his life- 
long building upon, and which he will make comp/efe only in that part. 
which is most useful to him. The framework is essential, the filling out 
may or may not be complete. 

Applying these general principles to the education of an engineer, 
to what do they lead?  Cortainly, first of all, to the fullest possible 
preparation in analytic and synthetic methods. It may be, as said in 
the paper, that an engineer does not need the higher calenlus ; but 
he does need the keenness of thought which results from the precise 
applications aud broad generalizations incident to that study. The fact 
also, that if necessary he can make investigations for himself, which 
otherwise he qnust take second-hand, gives a feeling of confidence that 
ean hardly be replaccd by any amount of experience, 

The study of natural science is an essential. This can be pursued, 
however (as it is in some schools), asa rest and change from the other. 


The selences should be studied in their broad principles, and a thorough 


vround-work prepared. which ean be filled ont at leisure the time 
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oveupied need not be great. One important point here, is to be prop- 
erly directed where to find correct information, then every man will study 
in that direction which his practice requires. 

As to the languages and general literature, the writer is, no doubt, 
correct ; the only question here will be as to what shall be the standard 
of admission to the technological school, where it would seem that e 
special branches only should be followed, and everything else be consi- 
dered preliminary. 

Every man will be a law to himself, as to practice in tield and 
office. There is no difficulty, however, in so arranging a course of study 
that the use of instruments, and that observations, measurements and 
notes ou structures in existence, or in progress, shall make an essential 
part of it. The experience of our best engineering schools will show 
that this method is producing very excellent results. 

Prov. Dr Vouson Woop :—This paper is broad enough to open up 
for consideration the whole subject of education, both general and tech- 
nical ; preparatory and advanced. The writer makes two prominent 
points, namely, the character of an early education and the time of en- 
tering upon a technical one. 

As to the former—for several years there has been a marked diversity 
of opinions among educators, especially in regard to the use or exclusion 
of the dea/ languages; which doubtless arose from the fact that the 
study of these occupied the greater part of an educational course, while 
the modern sciences were developing and attracting the attention of stu- 
dents. But whatever was the cause, the result was the establishment of 
courses of study from which all foreign languages were excluded ; these 
in many instances have been modified to admit modern languages, and 
thereby made more literary. This caused a change in the old classical 
courses—so that the modern languages were also taught and natural 
science—thereby making them more scientific. 

The old systems which have stood the tests of time are worthy of high 
regard ; what was weak and worthless has been eliminated from them, 
and the useful retained. To-day generally, the best are the old systems 
inoditied instead of the new ones introduced but not established ; especi- 
ally if the old contain most of the elements needed in the new. It is to 
be regretted that these modifications cannot be made without proposing 
the wer which radically differs from the o/d, but it becomes necessary 


beeause those who hold to the latter firmly oppose any change. This is 


illustrated in theology and polities as well as in education. 
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[ believe that the best early education includes the study of one or 
more foreign languages, either /ire or dew/—which I do not say, perhaps 
the latter, if not both. The remark of the writer ‘* that too much gram- 
mar and too little literature is taught” may be true, but who shall deter- 
mine the proper limits of each. Too much literature and too little gram- 
mar would make surfeited students. L object to a ** sweet-meat ” educa- 
tion—one that sickens the stomach without giving muscle to the man. 
If there is to be an error either way, let it be—as in structures **on the 
sufe side”; the foundation and frame-work should be well made. But 
all grammar and no literature may fail to present those attractions which 
are desirable in order to stimulate the student to greater effort. He may 
study grammar from duty and pursue literature from a love of it—both 
should go together. The same principle applies to the study of the 
sciences and of mathematics. 

But the broadest statement in the paper is substantially this—the man 
having chosen his profession and pursued a general course of instruc- 
tion, should go into practice before entering upon a technical course. 
It may be a sufficient answer to say that this is not the course pursued 
in the professions of medicine, law or theology. If adopted, it would 
revolutionize the system which has grown up in this country, and, in my 
opinion, would kill all of our technical schools. The idea, in the 
abstract, may be good, but our ideals are rarely realized ; they are modi- 
fied by surrounding circumstances. If there is any science in engineer- 
ing, it should be taught as a science. If one goes into practice, cireum- 
stances may prevent him from knowing much of the profession. He may 
be compelled to run in a narrow rut, and not even be so well prepared to 
choose that branch to which his tastes are best adapted. as he would be, 
if he had gone over the several subjects as taught in a technical school. 

The plan, too, would tend to make the teaching fragmentary. One 
man may decide to be a bridge-builder, and his whole purpose would be 
to study the principles which pertain to that subject. He would care 
nothing for hydraulies, or road-making, or machines, or the improve- 
ment of water communication, or any other subdivision of his profession. 
To this [ do not object after he has established himself in his specialty ; 
but the point is, shoul®l not an Engineer take a course of instruction 
which will eover all of these, before he devotes himself exclusively to one 
of them. The evils which would result could only be avoided by shaping 


the general (or preparatory) courses of instruction so as to cover broadly 


all these subjects. 
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But L think that the practical difficulties would exceed the theoretical 
ones. If the man has entered on his profession and accomplished any- 
thing for himself, he may conclude that he can ** pick up as he goes 
along,” thus saving the time and expense of a professional education, 
and it is probable, his associations and engagements will be such that he 
will consider it impracticable to suspend or sever them in order that he 
may devote two or three years to study and attendance upon lectures. 
If *‘engineering is the science of construction,” let it be taught as 
a science, after which let the student pursue his specialty ; he will be able 
at the same time to continue study without the aid of an instructor. 

I do not look for improvement in the way proposed. Having estal- 
lished good general and technical courses of instruction—in order that 
the technical part shall be adapted to professional practlee, it is neces- 
sary that professorships should be filled by practical men—those who 
have worked in the tield or shops, and know what is wanted there ; and 
such men should have all the knowledge required to enable them to dis- 
cuss the subjects of their specialties in a scientific manner. 

To secure these conditions will require time. Field or shop practice 
without the schools will never secure it—nor the schools, with ut practice. 
At first the theorist will teach and his student may practice, after which the 
practitioner may become a professor. Having had a practical experience 
he will know what is best to omit from the theorist’s course and what other 
matter should be added. When this is done, I would heartily approve 
as an addition thereto—a kind of University course, the plan proposed 
in the paper, whereby the specialist could be instructed in his own branch 


of the profession, without pursuing other branches. 
-- 
Parata.—In * XCIL, Draw-Spans and their Trrn-Tables on page 


135, in cohuuns Band C, for ** feet,” read ** Multiplication of Power,” 


and for *°49.50," read 6495.07 : and on page 136, nineteenth line from 


bottom, for read 
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THE LEVEES OF THE MIESSISSIPPT RIVER, 
A Paper by Cates G. Forsuey, C. E., Member of the Society. 
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Levers. —A levee is an embankment of earth raised along the bank of 
wv viver, lake or other body of water, to restrain its floods, when the sur- 
face is raised above the level of the lands to be protected. 

The name is derived from the French verb /ever, to raise ; the past 
particible, /ere, raised, by the addition of a letter, becomes Jevee. The 
expression seems first to have been used by the early French inhabitants 
of Louisiana, when they raised embankments along the Mississippi river, 
in front of New Orleans and vicinity, for protection against its annual 
floods. Like barriers used for the same purpose, on European and 
Rastern rivers, seem to have had no such name. It is not ound in the 
eyclopiedias, which have ample descriptions of the works constructed for 
similar purposes in the East. Most of the works for restraining floods 
are differently constructed, and like mill-dams, have auxiliary timbers 
or masonry, to strengthen them. 

The Mississippi levee, proper, is « mere embankment of earth, ele- 
vated from materials found at the base. [t is the cheapest and readiest 
possible barrier against the river's flood waters. 

or History or Levees on THE Mississtppr River.—The 
French colouists who settled on the banks of the river, at and about New 
Orleans, early in the eighteenth century, found that in the concave bends 
of the river, the high waters of winter and spring rose above the front 
banks and poured out into the lower grounds. Besides, in extraordinary 
seasons of floods, all the banks were submerged, and hence no portion of 


the river land was habitable, without protection. 


* Prepared from a paper presented at the Fifth Annual Convention, May 22d, 1875. 
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The City of New Orleans was located on a concave bend, its centre at 
the nearest point to Lake Ponchartrain, where the Cathedral now stands, 
and the ** Parade,” or Place d’Armes, in front, is now called Jackson 
square. The high water-mark was about 3 feet above the banks, and 
the levee required was about 4 feet high. The first levee constructed 
here, a distance of 2,500 feet above and below this point, has never been 
materially changed about its centre. There has been neither encroach- 
ment by the river or advance of the bank, in front of the old city, laid 
out by Dumont de Latour, 5,000 feet front on the levee street, and nearly 
square. The survey was made in 1717, and a bastion line of rampart, 
with stockade and ditch, passed around the sides and rear, beyond the 
present Rampart street, which was the rear line. 

The levee built was, in fact, a rampart and circumvallation, 6 feet 
‘high in the rear, and 4 to 6 feet on each side. The front is stated to have 
hud 18 feet crown on its completion in 1726, nine years after it was 
begun. This is the oldest embankment known by the name of levee in 
the State. Both sides of this rampart, and the rear line, have been 
eraded down for streets, and the front, with the occasional additions 
needed to replace natural wear and tewr, retains its original height prob- 
wtbly : it has been merged into the wharf and sloped into the street. 

In the year 1732, we learn from Le Sage du Pratz, that the planta- 
tions extended for 30 miles above the city, and to the English Turn, 12 
miles below; in front of which the proprietors were compelled to build 
levees. Both these termini reach high grounds, very rarely overflowed, 
and by raising small guard levecs. running back from the front, the 
waters discharging over the banks on cach side were guided hack to the 
swamp, and thus kept from the cultivated lands. 

The Bayou Bienvenu, 12 miles below the city, was an outlet of the 
Mississippi river into Lake Borgue, and the high grounds on its upper 
bank formed the grand levee. This little bayou, being cleared out, is 
now the channel for the Lake Borgue Canal, on the Repose plantation of 
Mr. W. C. Ervin. The present plantation dwelling, by tradition has an 
age of LLO vears, and the levee is probably the second built, in the 150 
years of levee history. Its height is 3.5 feet, say one foot above the high- 
est known water in the river, that of 1871. 

The vicinity of the Red Church, a very old structure, 25 miles above 
New Orleans, was the upper limit of the levees described, where the bank 
has never changed, and the levee is only 3 feet high. The guard levee 


here was but the earth thrown from a ditch, on the north side of the 


plantation. The extravasated water at this point reaches the level of the 
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swamp of Lake Ponchartrain, in two miles from the front. Considerable 
embankments in the rear of these plantations, with flood-gates and drain- 
ing machines, are necessary to restrain the lake waters, which in south- 
east storms fill the swamp in the rear. It is highly probable that the 
levee here has never been raised higher than those built on the sume spot 
by the first inhabitants, 145 years ago. * 

The floods of this river, in a state of nature, kept the banks well up 
to high water-mark, except in caving banks, or concave bends, where 
the height of banks would fall 2 or 3 feet lower. This was my obser- 
vation of the habitudes of the river, above Red river, prior to the 
building of levees. After the country was protected from overflowing 
waters, it is manifest that the caving banks soon drove the levees back te 
a point so low, that higher levees were required to defend against the 
same height of floods. Hence, the common impression that the river's 
bed is filling, and the high water floods move elevated than formerly. 
Many banks are to-day nearly as high as the highest water-marks. 

The work of reclamation proceeded very slowly. The task was a great 
one, the inhabitants few, and the crops produced not very lucrative. 
Neither cotton nor cane was then extensively grown; but indigo, Indian 
corm and rice formed the staples. So in the year 1752, according to 
Monette and to Martin, as also to Pittman in 1770, the extent of settle- 
ments was limited nearly as above; but both sitles of the river were 
leveed to some 30 miles above, and only 12 or 15 miles below — probably 20 
miles on the right bank, down to the old Fort. St. Leon, now the planta- 
tion of E. F. Villere, Esq.+ 

During the last half of the eighteenth century, the provinces lan- 
guished. Still fragmentary levees were built, say 25 miles front in Pointe 
Coupée, and 25 miles on each side down the Bayou Lafourche. The 
colonies passed into Spanish hands in 1766, and were acquired by the 
United States in 1804. A new and powerful stimulus was given to the 
work of reclamation. In 1812, the most of the right bank, from Pointe 
Coupée, was leveed, down to the lowest settlement ; except where the 
country was unoccupied. On the left bank the levees were, for most 
part, continuous from Baton Rouge down to about Pointe a la Hache, 
40 miles below New Orleans. 

On the old river bed, called Fausse Riviere, in Pointe Coupée, the 
land had been so relieved from overtlow, by the cut-off made in 1722, as 


to render it habitable with very small levees. It was leveed prior to 


* For 30 years the writer has kuown it unchanged, with 50 years tradition before. 
t Gayaré Lectures. 
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1812. in the portions requiring it. By the year 1828, the country below 
Red river was all leveed on both sides, except the left bank above Baton 
Rouge, where the river runs along near the bluffs. 

The flood of 1828, exceeded all previous, and discouraged levee build- 
ing. Yet between that year and 1844, levees were rapidly applied to the 
right bank above Red river, and completed mainly to the mouth of the 
Arkansas ; however, below Vicksburg, the Diamond Island Bend, for some 
25 miles was not continuously or generally leveed. The levees left the 
river bank at New Carthage, and were built along the Bayous Vidal and 
Roundaway; so that the high waters of this bend were allowed to collect 
in the Roundaway and Willow bayous, and thence discharge into the 
Tensas. 

At that period, however, the whole alluvium, between the Mississippi 
river and the Ouachita hills, was nearly redeemed by the levees on the 
Mississippi, and inhabitants swarmed upon those lands. They clamored 
for the completion of the levees below Vicksburg, because the floods of 
1844-49-50 51, drove them from that quarter ; they were answered by 
being included in the levee districts and taxed for levees. 

Between the years 1850 and 1860, the levees of the right bank, from 
Cape Girardeau down to near the mouth of the Arkansas were built 
piecemeal, but finally were nearly continuous, leaving intervals of less 
than 40 miles, when the war of 1861 ended all improvements. 

The State of Mississippi enacted laws for the building of levees on the 
left bank, from her northern boundary, Lat. 35°, crossing the Yazoo 
Pass, 12 miles below the city of Memphis, and extending down to near 
the mouth of the Yazoo river, say 10 miles above Vicksburg. 

These levees were built by an ¢/ ev/orem tax upon the alluvial coun- 
ties, and were completed before the war. However, the levees were 
mainly built by the owners of front lands, and grew by degrees for a 
number of years, beginning about 1840, and continuing to 1850-51, with- 
out other aid than private enterprise. ‘The counties then were charged 
each with its own levees, watil about 1857, when, as we are informed, the 
whole Yazoo basin was made a single levee district. and the levees wer 
built by commissioners, with funds raised from the entire district. The 
completion of this system reclaimed an area of over 6.000 sqnare miles 
of the best cotton lands known to husbandry. 

Form anp Diwensions or Levers. We have ne definite information 
as to the form and dimensions of the carly levees, erected for more than 
100 years upon the banks of the Mississippi river. The first levee thrown 


up around the city of New Orleans. we are told, lad a crown of 18 feet. 
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but this was more for a rampart, public landing and walk, than for mere 
defense against the waters. Such a crown, with slopes of two to one and 
4 feet in height (the probable average), would give a base of 34 feet, and 
across section of 104 teet, a quantity entirely needless for a maximum 
pressure of 3 feet of water, or some 6 feet at the rear of the rampart. 

Very many of the old Creole levees still exist, with crown of 4 fet 
or less, and slopes of two to one on both sides. A levee 4 feet high, with 
these dimensions, would have a section of only 48 feet, and this would 
be entirely safe, even if built of the least tenacious materials. Such 
levees are now found, with the live oak and pecan trees, or other oaks, 
planted upon them, having an age of 75 to 109 years. These levees have 
never been renewed, though occasionally repaired, to compensate for 
abrasions by being used as a foot-path by man and beast. It is probable 
that this was a common form of levee for at least 100 years. In concave 
or caving banks, of course, the dimensions were in proportion to the 
needs, but the levees were mainly of this form. Still a few on high 
grounds were made (probably by opulent proprietors) mere elevated pub- 
lic roads, of dimensions ample for carriages to pass each other on the 
crown. Some of these still have the lines of shade trees on the slopes 
which pass gently into the natural earth. 

As a matter of physics, and pertinent to levee strength, it should be 
added, that all levees of long standing, have their front battures elevated 
by repeated overflows, up to near the great high water-mark. This adds 
vreatly to their security, and leaves little for the levees to resist in the 
way of mere pressure. All the old levees are covered with a turf of Ber- 
muda grass, which protects their slopes from abrasion by weather or 
occasional travel, and this is now universally required. 

The Louisiana levees of the early period appear to have had such 
dimensions as the proprietors chose to adopt, with some local authority 
to compel adequate strength and height. In the front of improved lands 
the stimulus of interest was generally suflicient to secure an adequate 
levee. Under the Jand grants of the French Government, the construe- 
tion of a front levee was a servitude imposed upon the proprietor, and a 
condition of title: this was generally enforced by the police authorities of 
the parishes along the rivers. In fact, the United States surveys con- 
formed to the French system, and laid out the lands fronting the navig- 
able streams in the French form, with a depth of 40 arpents, and con- 
tinued the servitude as to levee building for many years after the cession 
of the territory. 


But no form or special strength was prescribed by the 
United States. 


The police juries (County Commissioners) enforced the 
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servitude. The larger levees, such as that of Fausse Riviere, at Waterloo, 
Bayou Cut-off, in Lower Concordia; Bullitt’s bayou, above Vidalia ; 
Liargent, below Waterproof; Carthage, at Bayou Vidal; and Provi- 
dence, at the mouth of that lake, were built under engineering direction 
and advisement ; all others were measured and directed by the parish 
surveyor, generally not an engineer, hence the dimensions preseribed 
were various, but generally sufficiently strong for the servitudes. 

We come, in the progress of expericnce to a period of extensive inte- 
rior settlement on lands reclaimed by the labors and expenditures of the 
front proprietors, and at the sume time to a period in which the servitude 
was exhausted. Riparian owners plead their having built one levee, 
many of them two or more, in retreat from the caving banks, and they 
appealed to equity and sustained the claim, that all, in proportion to 
values, should contribute to the maintenance of levees, since all cultivat- 
ing alluvial lands were alike protected by levees. 

After the vear 1855, this general doctrine was adopted above Red 
river, and within the next five years, the same doctrine was acquiesced 
in throughout Louisiana and Mississippi. Commissioners were elected by 
the owners of alluvial lands, for each levee district or parish—Carroll 
and Madison formed a district, and the parishes below, down to Pointe 
Coupée, inclusive, were made levee districts. ‘These Commissioners 
had ample power to prescribe new levees and repairs, to levy prdéper 
taxes for their completion, and to call out the slaves for special works, 
to let contracts, and generally had jurisdiction over all levees. The 
States of Arkansas and Missouri, in like manner, established levee 
systems, more or less recognizing the equity of a general tax upon all 
alluvial proprietors. The fund derived from the swamp lands ceded to 
the several States by Congress, to aid in their reclamation, was used for 
this purpose. 

With such views prevailing, the system of local and personal respon- 
sibility was greatly modified, and whole communities became suffragans, 
in levee voting. The commissioners employed engineers, enacted rules 
for levee dimensions, and raised this work of protection to the dignity of 
a profession. 

The earliest enactment T have been able to tind respecting levees, re- 
lates to those above Red river, in the old Parish of Concordia, extending 
from the mouth of that tributary, Lat. 31, to the upper limits of the 
State, Lat. 33>, a river distance of 300 miles. That law required a levee 
of such form that there would be an increase of base downward from the 


crown—thus, the crown to be at least 4 feet wide, the slope of base not less 


| 


than two to one for 3 feet perpendicular depth, and thence to the ground, 
for each foot in depth, an increase of base on each side equal to the 


distance of its upper face from the crown. 
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Concordia Levee, ordained about 1835 
About 1854-5, the State of Arkansas, established by enactment, certain 
dimensions and restrictions relative to levee building, which was to be 
at the cost of the State. These laws provided that all vegetable matter 
should be excluded from the body of the levees, * the height was fixed at 30 
inches above high water-mark, the breadth at the crown made equal to 
the height, and seven times us great at the base, and all publie roads 


erossing the levees to have a slope of seven to one. 


Arkansas Levee of 1854-5 
The State of Mississippi. by law) preseribed that all levees shall lave a 
crown 3 feet wide, and a base in width equal to six times the height ; a 
levee 8 feet hieh therefore had a base of 48 fect. 

In 1850, and for two years thereafter, the Senate of Lowtsiana in- 
structed its Cominittee on Rivers and Levees to examine and report upon 
a system of levees for the State. An elaborate investigation was made, 
assistanes was generally asked trom cngineers and others in the State 
familiar with the subject. and the writer was employed to make surveys, 
examine the physics of the river and to devise and report a plan. The 
report was printed in 1853: it embraced maps of the alluvial lands of 
the Mississippi river divided into five districts or basins, and many 
sub-districts or local basins were suggested and pointed out. It con- 
tained a levee formula, the adoption of which was urged as a part of 
the system prepared and commended whereby levees were to be con- 
structed under State control and by a State Engineer with assistants in 
each district, the whole cost to be a tax on the alluvial lands. 

The levee formula was thus stated: /7 — height, (— width of crown, 


* This exclusion of vegetable matter has been and continues to be exacted all over the levee 
region of the delta. 
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B=that of base, and S— area of section, then relations as follows were 
established ; C and H*, whence 
H? +- 
The land slope was taken at two to one, and the river slope at tive to 
one. ‘A close fitting horizontal cypress board fence, secured to posts,” 
was ‘‘to be planted 2 feet in the ground, be buried in the levee under 


the front edge of the crown,” and rise above high water-mark.* 


The levee was not put in use, nor was the State system adopted which 
was recommended. The dimensions ultimately fixed by enactment, in 
1855, but never very thoroughly put into use, was as follows: every 
levee having 3 feet of water against it. to have a base of five times the 
height of the water, and for each additional foot of water pressure, the 
base to be extended by the multiple of the distance from the crown, say 
2 feet above the water surface. This was nearly the same as the Con- 
cordia ordinance, and the formula was a favorite one of the carlier 
French levee builders. 

After the war, state bonds, payable forty vears from date, were issued 
and sold to rebuild the levees, whereby the burden fell upon the whole 
people of the state. A Board of Levee Commissioners was created in 
1859, but did not act until 1865. Engineers were employed who entered 
upon the construction of levees, exch seemingly after his own method 
and form. Many of the large levees constructed in the ensuing six 
years, have slopes of two and tive, and some three and three to one ; 
occasionally the long slope was built on the land side of the levee. 
Within this period the state constructed about 14,124,371 cubic vards of 
levee, at a cost of 38,245,000, or nearly 60 cents per cubic yard, 

After three years of most expensive work, the State of Louisiana 
chartered a company, and contracted with it for the construction and 
maintenance of the levees for 21 years, engaging to pay per annum ten 
per cent. of the cost, computed at 60 cents per cubic yard, the whole con- 
struction being limited to 15,000,000 cubic yards, and to be built within 


four years from 1871. This contract was modified so that payments are 


* See Senator Ricker’s Report published in 1853. 
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to be in cash and at a rate of 50 cents per cubic yard; the amount and 
location to be prescribed annually by a Commission of Engineers chosen 
respectively by the Governor of the State, the Levee Company and the 
President of the United States ; the commission to determine the form 
and dimensions of all new levees, and locate them on the ground—from 
their award there is no appeal. Tn addition the Company is to keep up 
or repair levees, for a fixed amount of money, realized from a two mill 
tax on all the property of the State. These amounts will not probably 
fill below 31,000,000 annually, and may reach $1,200,000. The work 
done under the contract, before modification, in the two years of the 
company’s life, was 3,630,000 cubic yards. 

The length of levees on the Mississippi river, existing and required, 


may be summed up as follows: 


Miles. 
| Left Bank—Fort St. Philip to Baton Rouge.................06.- 205 
| Right Fort Jackson to Lafourche 135 
} Donaldsonville to Red River. 157 
| Up the Arkansas River to Pine Bluff.................ceeeceeceeee: 40 
Arkansas. 4 
5AS 
Missouri. State Line to Cairo, 43; Commerce, 30...............- 73 
Cape Girardeau 4 
Mississippi. Left Bank, Vicksburg to Memphis, less 20 miles.................- 380 
The length built by Louisiana should be increased by: 


Altogether making the Mississippi front.................... 7380 
‘To which add the amount above........ 775 
And Old River Lakes as follows: 

Concordia 35 
St. Joseph..... 0 

130 


Whence total length of levees in Louisiana................. a 1,685 
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If the levees that have been rebuilt 


500 miles of the very largest class 
in the concave bends—are added, the enbic contents would be swelled by 
half. At a moderate estimate, the first amounts to 50,000,000 and the 
other to 25,000,000 cubic yards, making the total constructed by Louisiana 
alone, the enormous sum of 75,000,000 cubic vards, equivalent to twenty- 
five pyramids like that of Ghizeh. 

The dimensions adopted by the Commission of Levee Engineers, 
October Ist, I871, and now in use. wre as follows: all levees below New 
Orleans shall be 2 feet, those between the city and Baton Ronge 2) feet, 
those from Baton Rouge to Red river and above the Red river shall be 
3 feet above lugh water-mark ; the details of the crown, slopes and con- 
struction, will be prescribed for cach separate levee on the ground.* 
All levees built without a covered fence, or other impervious septum, 
shall have # crown in width compared with height, as follows: up to 6 


feet high a crown 4 feet wide, for 8 feet high a crown 6 feet wide, for 10 


feet high a crown 8 feet wide, aud those over 10 feet high a crown 10 feet 
wide. The slopes on each side to have 3 feet base for one foot in height. 

Waar ts Mississippi river flows throughout the delta, 
between alluvial banks of its own deposit. On the right bank, from 
Cape Girardean, in Missouri, to the Gulf of Mexico, the river nowhere 
leaves the uplands : its rise and fall is so great, and its deep channel so 
well understood, as to justify the belief that, except in a few localities, 
the bed is alluvial. So new, geologically speaking, is the delta forma- 
tion, that its plane of declivity towards the sea, has nowhere been mate- 
rially depressed or elevated by disturbing forces beneath.+ Therefore 
the river's high water surface is nearly «x plane. The whole elevation in 
the 1,080 miles, from Cairo to the head of the passes above the mouth. 
is $22 feet : or the Inclination of the high water plane is 3.5 inches per 
mile. 

The deposits of its sedimentary matter, along the front of the river's 


channel, where the caving is not perceptible, or is very slow, have raised 


the banks to near the high water-mark. This renders the height of the 
barrier required to control the waters very moderate along the less fri- 
able banks—that is all the convex banks, and many of those that are con- 


cave, 


* Note—In consequence of the reduction of high water-mark by the * cut-offs’ above Red 
river, the levees will not, for the present, be built to grade; but shall be 3 feet above the new 
high water-mark, as observed. 

t The Madrid earthquake of 1811-12, effected a local disturbance, west of and parallel to the 
river, depressing and forming a lake of 8) miles length, 10 to 30 width, and 5 to 20 feet deep. 
Old forests of eypress still stand erect in the lake, but most other trees have disappeared. 


The plane of the river's discharge was not permanently disturbed, 
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Th a state of nature an average of 3 feet is probably a fair estimate of 
elevation of the water-mark above the hanks ; in many places this cleva- 
tion is only 5 to 10 inches; and hence, on all such banks, a levee of 4 
feet would be sufficient security against the mere quict lapse of the high 
water currents. For safety, to cover contingencies, the inhabitants built 
levees about one foot above the highest known water-mark. Engineers. 
estimating for the ravages of waves, and the attacks of drift-wood, pre- 
scribe from 2 to 3 feet surplus. On the concave banks, the average high 
water-mark may be placed at 4 feet, and the ordinary levee at 5 feet : 
while a safe levee should have a height of 7 or 8 feet. 

But height is only one element of a well-proportioned levee ; base 
and crown are two others equally important, and quality of material is a 
fourtn. is necessary to resist:—Firs/: The weight of water multiplied 
by its depth, for each foot pressing the levee. — Secowd: The insinuating 
property of water, as shown in passing between the particles of the 
material used in building the levee; this is called ** seapage.” Third: 
The impact of wind waves, an indefinite foree. Furth: The impact of 
steamboat waves, a definite effect not yet measured. Fifth: The oc- 
casional lodgment of logs of drift-wood, in sueh position as to be osecil- 
lated by waves, and thus to wear through the levees. Sir//: The ravages 
of earth-borers and burrowers. The attacks of vicious or 
malignant persons, so far as practicable. 

These are the leading items of the service of a levee, which, with all. 
must cost so moderate a sum as to be afforded by those who need 
them. The extent of levees, in proportion to the lateral distance pro- 
tected (in the unfinished condition of the reclamation), is so very great, 
that they must be cheaply built, if at all. In truth, in iany river bends, 
new levees have already been thrown up on caving banks, back to the low 
swamps, and the structures now required are of such magnitude as to 
render the cost an intolerable burden to the districts requiring them.* 

* A single example will illustrate how impossible it will be tor the people of these States 
longer to defray the expense of levees. The Louisiana Levee Co. recently built, in the parish 
of Tensas, 320 miles above New Orleans, the Kempe levee, 4 miles long, of 18 feet average 


height (22.5 feet maximum), and with a base of 150 feet; 640.000 enbic yards were paid for at a 
cost to the State of 2584,000, 


Greatest cross-section of Kempe Levee of 1873. 


The Kempe plantation has, in 27 years, worn back more than a mile, so that this new leve« 
oceupies the lowest cypress swamps. (See Map). 
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What, then, is the formula for the cheapest levee, compatible with 
safety ? No earth levee is safe against the attacks of waves, driftwood, 
or malicicus persons. But, considering these risks, and those from the 
frequent crevasses which destroy property worth vastly more than the 
340,000,000 the levees cost, L answer as follows : 

For a pure earth levee of saad and clay or loam, a crown equal to 
height (up to 10 feet), slopes three to one on both sides ; and for one of 
joint or blue clay, a crown of 6 feet, maximum (for small levees, a crown 
from 2 to 4 feet), slopes two to one on both sides. 

In the first of these levees, the excess of weight and tenacity over 
water pressure, added to current impact and wave blows, appears very 
great: but a regard for contingencies, as above described, causes this 
excess in practice. To illustrate, take a common levee 8 feet high, it 
has a cross-section of 256 square feet. Against the wei-sht of this 32,000 
pounds of earth (at 125 pounds per cubic foot), we have an aggregute 
water pressure from bottom to surface due to 6 feet head, equivalent to 
that from a 20 feet column, or 62.5 > 20 = 1,250 pounds pressure of 
water, against the 32,000 pounds of earth ; a ratio of over 25 : 1. 


An 8-foot levee of clay has a section of 160 feet, and weighs per foot 


in length, 20,000 pounds. But T assume (and can demonstrate) that the 
tenacity of this clay used on a levee will give a co-efficient of two (or 
even four), and hence 20,000 >. 2 40,000 pounds resistance, which is 
opposed by 1,250 pounds pressure ; a ratio of over 32 : 1. 

Now let us allow for the impact of waves, say one foot high, running 
at 15 feet per second—a steamboat rate. This, according to Hewson, 
gives a multiple of three into the water striking the levee, which, for a 
wave one foot high. is equivalent to 3 feet added to the 20 feet, or about 
one-seventh to the servitude of the levee, whence the ratio becomes 
28:1. Now, wave-blows occur only one at a time, their impacts are 
entirely separate and cannot be cumulated. True, their abrasive force, 
which is another element entirely, is very ivjurious; this should be 
snarded against by other means, however, than increase in cross-section. 

All this reasoning brings me to the main point, namely, the sugges- 
tion of a cheap, simple and entirely efficient remedy against borers, 
burrowers, wave-blows, malicious injuries, drift-wood, and more than 
all, against the necessity of providing a twenty-fold resistance against 
attacks upon our levees. This was prescribed in the levee submitted by 
me, in Ricker’s Senate Report of 1852 (see page 8), and consists of 


a septum or partition, impervious to water, inserted longitudinally, 


covered in the levee. and descending well into the earth beneath the 
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base.* The best and most economical is a cypress board fence close- 
fitting, the boards lying longitudinally and lapping on the edges in 
weather-bourd form, to be securely spiked to posts set 3 feet in the 
ground, the ditch in lien of the ordinary muck ditch to be cut as low, 
the fence started from its bottom, the posts, say 3 by 6 inches, placed 10 
feet apart and the boards secured at each lap edge by wrought-iron 
nails clinched midway between the posts. The lumber in a 10-foot 


levee amounts to only 12 feet per running foot, and costs about 50 cents. 


Forshey's Levee 
This fence thus placed in the body of the levee, is equivalent in 
strength to carth 3 feet in width, or 1) cubie yards, and a levee including 
it would cost little more than one of earth with 3 feet increase of crown. 

But with this impervious partition, there is no possible danger from 
burrowers or borers, which can neither penetrate ner tlank it. Even 
the muskrat or the beaver cannot guaw a plane surface. Should 
Waves or currents wear into the levee to the distance of the front of the 
crown, they will be met by this best of all revetments, which they attack 
invain. If a drift log is so lodged as to vibrate and wear away the 
levee front, it reaches this barrier, and suspends its encroachments. 

Whenever the material of the levee is of a character to permit seapage 
or permeation, the water finds its way only to the partition, leaving the 
body of the levee beyond the fence in » condition of dampness, favorable 
to Maximum tenacity. But-if from imperfect construction a very little 
water penetrates the barrier, it is taken up near the point of leakage, 
absorbed by the neighboring mass, and dissipated in evaporation from 
the surface of the levee. 


Should a malicious person attempt fo cut the levee, this continuous 
partition will deprive him of the aid of the abrading water, and before 


he can let any escape, he probably will be detected. 


irom stubborn prejudice, this plan slept twenty years untried, while throughout 
the area of civilization thousands of novelties in engineering were devised, adopted and 
canonized. In October, 1871, the Commission of Levee Engineers adopted it for large 
levees, and it was used for some miles. The specifications in the contract required the 
horizontal boards to be added as the embankment ascends, one at a time, so as not to inter- 
fere with the runs of the workmen, the earth to be well rammed in the ditch and up both 
sides of the fence to the top, and the fence was located beneath the front edge of the crown 
of the levee. These levees have never leaked, even wheu pressed by 12 to 15 feet of water. 
Under always damp ground, cypress, heart-pine, mulberry, cedar, and most good timber, lasts 
indefinitely. 
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Whenever (and this occasionally happens) a crevasse occurs from the 


caving of the river banks, carrying away a portion of the levee, fence and 


all, the two ends left standing afford complete protection against rapid 


abrasion, and the work of closing the crevasse is limited nearly to the 


opening first made. 


Thus all but the first and last of the eight servitudes of levees before 


enumerated are effectually disposed of ; what relation this method has 


to the last and first of these requirements—the lateral pressure of the 


water, and the economies of construction—is still to be 


As to mere pressure, it has been shown that the sand and loam levee 


of the Louisiana Commission of Levee Engineers now in use, has a 


resistance to lateral pressure of more than 25:1, or if the impact ot 


waves is added, about 22:1. The same levee with land slope reduced 


to two to one, as fixed where the fence is used, has still an earth resist- 


ance of 20:1, Independent of the fence ; the clay levee, with its doubk 


strength, due to tenacity (retaining the same formula for all kinds of 


land slope has been made, this ratio is still 45 : 1. 


reference to its uses and servitudes, and an ample 


ance to pressure will be nearly 10: 1. 


material), resists in a ratio of nearly 50:1, and when the fence is used, 


after all reductions allowed by the Commissioners for wave-blows and 


This method of construction, therefore, satisties the conditions for 
which the enormous resistance was provided. Shall not, then, a lever 


be constructed under the sume idea as a bridge, or an arch, with specia’ 


safety”? Let ten be assumed for this co-efficient, and the form and 
dimensions of levee be determined in accordance therewith ; 
land slope of 45 —the angle of repose, give the levee a crown of 4 feet, 
and if & feet high, the cross-section will be 96 feet, and the resisting 


weight 12,000 pounds, whence disregarding tenacity, the ratio of resist- 


The slope of repose, under water, of carth is about 60 


this slope a crown of more than 2 feet wide is unnecessary, since wt the 


high water-line. 2 feet below the crown. the levee thickness would be & 


feet. Adopting this width, a levee with fence, muy 


alone, the sand 


pense will be small. and the security against scapage effectual. 


having a co-effictent of safety of about twelve in the weight of earth 
being limited to the anele of 
clay or other material used. For additional security in important locali- 
ties, large levees aud permeable neterial. the board fence may be doubled 
and built edge to ed with broken joints; since thereby the cross 


section of earth may be reduced irom 256 to 112 feet, the additional ex- 
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To prevent abrasion on the front of levees long exposed to the waves 
of high water such as those below New Orleans and in many localities 
above, requires a special provision. A double plank revetment, of good 
material, pressed well into the ground in front of, and forming the 
outside slope of the levee, with slope one and one-half to one, has been 
used with excellent effect. Wherever the buried plank fence is not 
required, this protection, if the levee is much exposed to waves and 


driftwood, may be used. 


Forshey's Levee, (double board fence) 

The encroachments of the river, along caving banks render it neces- 
sary in many cases to retire inland 1,500, even 3,000 feet, to sufticiently 
protect during their life (usually twenty-five years) the very large 
embankments thrown up.- This often excludes a whole plantation, 
leaving exposed the very property to be protected, and the owner has 
but little courage or interest in sustaining an improvement which thus 
may ruin his home or plantation. Therefore, if practicable, a levee should 
be devised that may be retired before the advancing river and erected in 
a new location, thus saving the great cost of new earthen embankments, 
and protecting instead of destroying the best portion of the plantation— 
that nearest the river edge. 

The large expense of a portable levee is the chief obstacle to its 
adoption. One may be constructed of iron as sketched and estimated 
on following page, 15 feet high for 331.80, and 10 feet high for 520.50— 
per running foot. 

The Kempe levee, if constructed on this plan, would have cost per 
running foot twice as much as it did, but the length could have been 
reduced from 20,000 to 14,000 feet, and the annual expense of wear and 
tear and expense of removal, would have been but 20 per cent. of the 
other ; excepting the timber, the material would have been good for at 
least fifty years, when another removal might be demanded, and by it 200 
acres of tillable land would have been saved. In this instance (as subse- 
quently proved), removal would not have been necessary ; for the river 


has reacted and ceased its ravages in all the upper portion of this bend. 


Moreover, in many cases, as at Ashton, near the upper boundary of 
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Louisiana, the tloods of a few years build wp by deposit the lands thrown 
out, and almost entirely reclaim them. In sued places a small earthen 
levee, constructed on the river frout, is sufficient. hence if, instead, a 
portable levee were used, it could afterward be removed to some other 


locality demanding it. 


~ 
Fo y's Porta Leve 
Beams (qrs), 6 5, and 4 4inches.......... 
Braces (m), 4 4 inches, 18 feet long, (n) 5 > 5 inches, 12 feet 
long, and (p) 6 Stuches, fect 305 
Ties (f), 4 inches 11 feet, and (r), 4 inches 7 feet...... 105 
Timbers (w, 7, y, z), 16 feet; piles 37 
Cost of portable levee 15 feet high.................. $51 380 


The portable levee is commended with much earnestness, for all 
places on the river demanding a high barrier against the floods. All 
levees of 10 feet water mark should be of this kind, if on a caving bank; 
and those of 5 to 10 feet water-mark should have the impervious board 
partition. These two improvements, with the reduction in section thus 
made practicable, will lighten the levee burden by one-half in total cost, 
and afford a security against floods and crevasses never yet enjoyed. 

When it is considered that the area of land in the Mississippi delta, 
which levees only can protect, is about 38,700 square miles, not more 
than one-tenth of which is inhabited and cultivated (chietly because of 
inadequate levee protection), while more than four-fifths of the delta is 
habitable and of unexampled fertility, the motive to reclaim it from the 


floods for the uses of man should prompt the ambition of the engineer, 


the philanthropist and the statesman. 


DISCUSSIONS. 


ON THE PROPORTIONS OF THE HEADS OF EYE-BARS. * 


Mi. Cuartes Dovernas Fox (of London, England).+—I have tried 
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several forms of links for India, and herewith present a sketch for the 
information of members, showing that form of head and size of pin 
which I have found to give the best result, and which IT am now largely 


adopting. 


ON UPRIGHT ARCHED BRIDGES. 

Mr. Squire Wareete.—Permit me to sabmit the following compara- 
tive estimate of the amount of iron in the trapezoidal truss, and in the 
upright arch bridge, reduced to like spans and conditions. 

The bridge over the Erie Canal on the Renselacr & Saratoga R. R., is 
149 feet long, and believed to be the first iron trussed railroad bridge of 
so long aspap built in America. It is a single track bridge, proportioned 
to carry 2 000 pounds live load to the lineal foot, with stress of 10 000 
pounds to the sectional inch of metal, and contains 75 000 pounds of iron 
(4 of which is cast-iron), in trusses and lateral stay system. Adding 25 
per cent. to bring the live load up te 2500 pounds to the foot, and dead 


load proportionally, makes in round figures, 94000 pounds. Adding 


* Continued from page 338, Vol. Il. + By note Oct. 17th, 1874. Continued from page 238 
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curved, &c., &e., of most of which several combinations, examples 


might be adduced. 


ON THE EDUCATION OF CIVIL ENGINEERS. 

Mr. Tuomas C. Cuarke.—All are agreed that Civil Engineering being 
a science and an art, must be learned both from books and by practice. 
Authorities differ as to the length of time to be spent in the schools, and 
whether practice should precede or follow a course of technical instruc. 
tion. No one will deny that the true method would be to combine both 
theory and practice at the same time. This is done to a certain extent 
by students of mechanical engineering at the technical schools at Hobo- 
ken, Worcester, and Ithaca. 

But can any one tell how this system can be applied to Civil Engineer- 
ing? Colleges have no railroads, canals, nor waterworks to construct, 
and even no actual surveys to make. The construction of public works 
is generally carried on at places remote from the schools. The student 
is forced either to go first to the technological school and then into prac- 
tice ; or to reverse the process, as suggested by me. Prof. Wood con- 
siders it a sufficient answer to say that this is not the course pursued in 
the professions of medicine, law and theology. But he forgets that in 
the studies of medicine and law, practice and theory go hand in hand. 
A medical student attends the clinique, performs actual dissections, and 
hears lectures. A law student works in an office, attends the courts and 
reads law books, all during the same years. How can students of Civil 
Engineering do this? Only by private studies during practice. But 
this is too great a task for the energies of most men. After a hard day's 
work in the field, he must be an extraordinary man who could keep 
awake over his Rankine. 

So Lam driven back to my first position. First, get a good general 
education ; learn to observe and to reason correctly, and to be accurate 
and thorough in whatever you do, Then spend several years in practice. 
Learn the routine of office and field work. Learn to deal with men. 
Then if your mind is still hungry for knowledge, go to the technological 
school and study the branch you mean to follow, and study it exhaustive- 
ly. Find out all that has been done, thought and said about it, that is 
recorded in books or can be obtained from actual inspection. It seems 
to me that this is wiser than trying to cover the whole vast field of Civil 


Engineering, which usually results merely in acquiring a superficial 


knowledge of everything, and an accurate knowledge of nothing. 
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I will close by relating an anecdote, to illustrate my meaning. 


Two engineers were sent to make surveys and report upon the im- 


provement of an important river. The one covered the whole extent of 
his territory with primary and subsidiary triangulation. This took so 
much time, that he could only sketch in the topographical and hydro- 
graphical features hastily and without actual measurement. He found 
when he got back to his office that lis surveys were too general to be of 
any use. The other simply ran a traverse line along the bank of the 
river as a base, and at such points as he knew that artificial improvement 
world be required, he ran lines a few feet apart and took levels and 
soundings at their intersections. When he got to his offiee he lad all 
the data necessary for an accurate estimate, and obtained by no greater 
labor than the first man had used. Clearly, the second man took the 
correct course. He understood the Baconian axiom of the ‘ relative 
values of knowledges.’ He studied what would be of use to him. 

[t is because T think that students of Civil Engineering waste much 
time in studying things that can be of little use to them as Engineers, 
that T recommend a preliminary course of actual practice to form their 
minds in some measure, and to direct them how to find out what studies 


they really should learn. 


NOTE ON THE LEVEES OF THE MISSISSIPPI RIVER. 

The great flood of 1874 in the Mississippi River, brought the high 
water-mark at this point, on the Repose plantation, 12 miles below New 
Orleans, 0.7 foot higher than that of 1871. Portions of this levee then 
were at the high water-mark, and were raised slightly to prevent waves. 
&c., from cutting it. 

It is now obvious that the two cut-offs of 1867, at Palmyra and Terra- 
pin, Lat. 320 and 32°.30, abridging the river’s length by 27 and 13 miles, 
respectfully, have congested the waters in the channel of the lower river. 
The flood level was reduced by 6 feet at Vicksburg midway between 
these cut-offs ; and this depression was felt, gradually thining out for 200 
miles below Red River ; still, below Baton Rouge, say 250 miles above 
the mouth, and thence to the Passes, the river was higher than ever 
before, by a foot at Donaldson, and less at the English turn. 


Errata.—On page 268, thirteenth line from bottom, for ‘* Bienvenu ” 


read ** Duprez.” 
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EFFICIENCY OF FURNACES BURNING WET FUEL, 
AS DETERMINED BY EXPERIMENTS ON A LARGE SCALE, 
A Paper by Professor R. H. Tuurstox, Member of the Society. 


Yeap Ocroner 1874. 


1. The writer was recently called upon in the course of professional 
practice, to determine the relative economical value of two forms of fur- 
naeces which were in use for burning wet fuel. 

The use of fuel, like spent tan or sawdust, actually wet with water or 
sap, is so unusual, and is so seldom seen by the engineer, that a detailed 
account of an experimental investigation made upon two distinct varie- 
ties of furnace burning spent tan, wet from the leaches, will probably be 
considered as important and interesting, by the other members of the 
Society, as it was by the writer. 

2. Formerly, it was thought impossible to burn this waste product 
of tanners, and it was either thrown away, at considerable expense for 
carting, or was mixed with dry wood or other good fuel at some cost, or 
it was dried in the open air by the sun, or by artificial heat in kilns. 
Within a few years, it has been found that with exceptional skill on the 
part of the fireman or ‘ stoker,” it could be burned with some success in 
furnaces only differing from those of ordinary construction by having 
a brick arch turned above the grates; in others having **‘ cone” erates 
with special arrangement and proportions of air space; and with excellent 
results in a furnace having an overhead brick arch, witha grate so propor- 
tioned that a considerable amount of fuel could fall into the ash-pit and 
burn there, and with the separate ‘* ovens,” two or more in number, so 
arranged that the products of active combustion in one furnace should 
be mingled ew route to the boilers, with the products of distillation and 
with moisture expelled from the fuel, in a similar adjacent ** oven,” o1 
furnace, Which fuel was, at the same time, drying under the heat radiated 
from the furnace walls and arch, and received from the fire in the ash- 
pit, thus desiccating preparatory to subsequent combustion. The latter 
requisite, of preliminary desiccation was secured also by a system of 


‘alternate firing” of the separate feed-holes in the same oven. 
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3. The secret of success would seem to be—as indicated by the 
examination of a large number and of a considerable variety of furnaces 
burning spent wet tan with more or less success—the surrounding of the 


mass of wet fuel so completely with heated surfaces and burning fuel 


that it may be rapidly dried, and then so arranging the apparatus that 
thorough combustion shall be secured, and that the rapidity of combus- 
tion be very precisely equal to, and shall never exceed the rapidity of 


desiccation. Where this rapidity of combustion is exceeded, the dry 


portion is consumed completely, leaving an uncovered mass of wet fuel 
which refuses to take fire, and then combustion ceased entirely. 

In the ordinary steam-boiler furnace, Fig. 1, wet fuel las never, so 


far as the knowledge of the writer extends, been burned with even ap- 
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proximate success. Withdrawing the grates from under the boiler, and 
securing a reservoir and radiator of heat, by throwing over them a brick 
arch, as in Fig. 2, gives a form of furmace. 
known either as a Morrison or a Crockett 
furnace, In which wet fuel has been burned 
with partial suecess, and when the grates 
are so set that 
some fuel may 


fall into the 


ash-pit as it 
dries, and there burn, the conditions become those of the second ease to 
be described. The use of the form of grate—shown in Fig. 3 (enlarved 
in Fig. 4)—giving ample space for fuel falling into the ash-pit. ensures 
still freer combustion. This peculiar form of section also secures freedom 
from warping when highly heated. 

4. The first example of a furnace burning wet tan—-of which the efii- 


ciency was determined by the writer, was of the kind known as the 


“Thompson Furnace,” which embodies all of the favorable conditions 
described in the preceding paragraph. This furnace is shown in section. 
Pig. 5. 

There were six ‘ovens placed side by side, in two sets of thre 


each, the chimney rising between them as shown at A. ‘The grate 


surface of each oven was 9 feet long, and 4 feet 4 inches wide, giving 
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a total area of 234 square feet. Each furnace was charged through 
two holes, 2B and (, in the top of the furnace arch, the proper method 
being to fill these holes alternately. The grates were of fine brick, spaced 
about {ths inch apart, and supported along the middle line of the ash-pit 
by a brick wall. The thickness of these grates was nearly 3 inches. 
They were in four pieces, breadthwise the furnace, a pair on each side 
the middle wall supported by abutting against each other in a manner 
somewhat resembling an arch of but two voussoirs. Two doors at the 
end of each ash-pit permitted cleaning to be readily effected. The 
gasous products of combustion leaving the furnaces entered a ‘* mixing 
chamber” 2, common to each set of furnaces, and thence passed through 
the flues FF’ to the extreme end of the boilers, returning through the 
tubes to the smoke-boxes /’, and through the iron flue @ to the chimney. 

5. The steam-boilers were three in number of the plain multi-tubular 
variety. Two were 4 feet in diameter, 14 feet in length, and contained 
32 four-inch tubes each ; the other was 5 feet in diameter, 12 feet long. 
and contained 78 three-inch tubes. The total heating surface, reckoning 
all of the tube surface, one-half the surface of the shell and all of ex- 
posed surface of the tube plates, was approximately 2 000 square feet. 
Of this a portion was ineffective, the lower tubes being choked with 
ashes, and the remainder was partly covered with deposit. The chimney 
was 90 feet high. 

6. The feed-water was heated in a closed heater by the exhaust steam 
of the engine driving the machinery of the tannery, very nearly, if 
not quite to the boiling point. The exhaust steam mingled directly 
with the water. On reaching the tank in which the water was measured 
the feed water had cooled down to 205° Fahr.; thence it passed through 
the pump, and a considerable length of pipe across the street separating 
the engine from the boiler-house, and finally, around to the back end of 
the boilers, where branch pipes conducted it to each boiler. 

The temperature of the feed when entering boilers could not, of 
course, be determined, but it was probably at least as low as 190° Fahr., 
which is the temperature assumed in the estimate of efficiency, and it 
may have been somewhat lower. 

7. The measurement of the fuel was made as it lay on the leach, 
before it was disturbed for the purpose of being removed to the boiler- 
house, this precaution being taken to avoid error arising from possible 
changes of volumes due to such disturbance. In one case this trans- 


portation to the furnace was performed by a screw, as grain is some- 
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times moved, and in the other case by cars, capable of carrying nearly a 
cord, into which the tan was thrown from the leach by hand, and then 
was dumped at the furnace doors. A careful measurement showed the full 
leach to contain 8.04 cords of tan. From this 0.34 cord was taken to be 
weighed after being compressed mutil it was, as nearly as could be judged, 
as compact as when in the leach. 

8 Commencing at 9 o'clock a. M., the trial continued until the re- 
maining 7.7 cords were burned, closing at 10 o'clock Pa. 

9% The feed-water was measured by cutting the feed-pipe between the 
heater and the feed-pump, and conducting the water from the former into 
a wooden box 18 inches wide and 4 fect long. The pump drew the water 
from this box, which ordinarily stood full to the top. Occasionally, the 
water supply from the heater was shut off, and the time which was oe- 
enpied by the pump in reducing the level of the water one foot was 
noted, This was invariably very precisely 4 minutes. The quantity of 
water pumped into the boiler from the beginning to the end of the trial 
was 5,625 pounds, or 90 enbie feet per hour. 

10. The capacity of the pump was originally barely equal to the re- 
quirements of the case, and, at this time, its valves leaked somewhat, 
making it necessary, not only to run the pump at its full speed through- 
out the trial, but to keep the fires considerably below their maximum 
intensity to avoid the necessity of putting on the steam auxiliary to 
prevent the water getting dangerously low. The maximum evaporation 
on the trial was thus determined by the capacity of the pump. The flue 
dampers were kept, as an average, something more than half open. 
The engineer estimated that he could have burned the fuel with nearly 
50 per cent. greater speed, obtaining a proportionally increased evap- 
oration, could the pump have supplied so much water. 

11. The spent tan, coming directly from the leach, was so wet as to 
part with its water when squeezed, wetting the hand. It had been 
simply drained a few hours, and was as wet as it could be withont drip- 
ping. The percentage of moisture is given below, 

12. As the result of the trial was considered a matter of great im- 
portance, both directly and indirectly, it was essential, not only to de- 
termine the amount of water entering the boilers, but to determine as 
accurately as possible the quality of the steam made, thus ascertaining 
how much water left the boilers as steam, and how much was ‘‘ primed” 
ever from them unevaporated. As, under the conditions of this trial, 


each pound of steam obtained from the fuel about eight times as much 


4 
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heat as was taken up by water ‘ primed” out of the boiler, the serious 
error which might arise by crediting the fuel with the evaporation of all 
water entering the boiler, in cases where even a moderate amount of 
priming occurred, is evideut. Instances sometimes occur in which 
more water passes off unevaporated than is actually turned into steam. 
At least one instance has oecurred in the experience of the writer in 
which the average amount of water primed exceeded by more than 
100 per cent. the weight of steam made, the percentage of priming 
as the expression is used in this paper, being over 60 per cent. The 
error arising from the neglect of this circumstance told nearly propor- 
tionally in favor of a really very poor boiler. A good boiler ought not 
to “prime,” when working properly, over 10) per cent. when unpro- 
vided with superheaters; 5 per cent. priming would represent good work, 
wnd as low as 3 per cent. has been attained. 

13. The first precise determination of the amount of priming in 
steam boilers was probably made by the writer in November, 1871, at 
a competitive trial of 5 steam boilers entered at the Exhibition of the 
American Institute, the trial being made at the request of a Committee 
of Judges of which he was then Chairman. * 

In that instance, a large surface condenser of about 1 100 square 
feet area of condensing surface was used, in which all of the steam made 
by the boiler on the trial was completely condensed. The water fed 
into the boiler was measured by a meter, and, on issuing from the con- 
denser, was again caught in a tank. The condensing water, which 
amounted to some 10 tons per hour, was measured by a meter. 

The temperature of the injection and discharged water, of the feed, 
the steam, the water of condensation, and of the escaping products of 
combustion, were carefully ascertained by suitably arranged thermome- 
ters and pyrometers, and were recorded in a log kept by selected 
students of the Stevens Institute of Technology. The fuel and the 
ashes were weighed, and all data were obtained and recorded with the 
greatest possible care. 

14. The tabular statement of the results, as given in the report of 
the Committee, is reproduced as they are not otherwise obtainable 
by engineers generally, and as they are interesting and valuable in 
themselves, and particularly, as affording a useful standard with which 
to compare the 


Trans, American Institute 1871-2; Journal Franklin Institute 7: 
Engineering Magazine, 1871. 


1872; Van Nostrand’s 


results obtained during this trial of tan-burning 
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furnaces. The method of determining the percentage of priming will be 
given below. It should stated that the Root and the Allen steam 
boilers were of the ‘safety or ‘sectional’ class; the Phleger boiler 
was also composed of small tubes, but was surmounted by a large drum 
which was intended te contain some water, thus differing essentially 
from the two preceding in construction, and in the facet that no portion 
of the heating surface was above the water-line. The Root and Allen 
boilers both had considerable amount of superheating surface. The 
Lowe and the Blanchard were peculiar forms of multitubular boiler, the 
former being distinguished by having a peculiarly designed combustion 
chamber, and the latter by its nnusnally large proportion of heating 
surface, as compared with the area of erate, and by its dependence upon 
a forced draught. Allof these boilers gave exceedingly creditable results 
at this test. 

lé. A very neat apparatus has been invented by Leicester Allen, of 
New York, for determining the quality of the steam furnished by a steam- 
boiler. One of these instruments was made under the direction of the 
writer, for a committee of the American Institute, and used in 1872, 
together with the apparatus already deseribed. at the American Institute 
Exhibition of that vear. 

17. At the trial about to be deseribed it was impossible to condense all 
of the steam made, and as no * Allen Calorimeter” was obtainable, it 
became heceessaryv to improvise apparatus for the occasion. The steam- 
pipe leading to the engine was tapped by a piece of gas-pipe, on which 
was fitted a stop-valve. From a short piece of pipe attached to this stop- 
valve a length of india-rubber hose was led to a convenient point beside 
the boilers, where a barrel was mounted on an accnrate platform scale; 
200 pounds of water were carefully weighed into this barrel, and when 
the scale beam precisely balanced, the weight was set ahead 10 pounds 
A very accurate thermometer, which had been provided by the writer, 
completed this crude vet satisfactory arrangement. 

At intervals during the trial the stop-valve was opened, and after 
wlowing steam to blow through the hose freely until all water was ex- 
pelled, and the hose was so thoroughly heated as to insure that no loss of 
heat. by the steam flowing through it, should produce condensation and 
render the results inaccurate. the end of the pipe was plunged into the 
water contained in the barrel, and the issuing steam allowed to condense 
until the rise of the scale beam proved 10 pounds of steam to have been 


added to the weight originally placed in the barrel. The temperature of 
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the water was carefully observed at the beginning and at the end of the 
experiment, and the rise of temperature recorded as a basis for the 
estimates of priming to be given. 

18. It was considered advisable to ascertain, if possible, the tempera- 
ture of the products of combustion escaping to the chimney. No pyrometer 
was obtainable, and it became necessary to improvise another arrange- 
ment for this purpose. A mass of iron, weighing 60 pounds, was found 
and placed in the flue leading from the boiler, where it, after a time, 
attained the temperature of the gases flowing past it. A wooden vessel 
of convenient size and shape was obtained, and 50 pounds of water were 
carefully weighed into it. At intervals of two or three hours the iron 
was suddenly removed from the flue and dropped into this water. The 
initial and final temperatures were noted, and, with the range, recorded 
for use in calculating the temperature of the waste products of combus- 
tion. The pressure of steam was observed hourly. 


1%. The collated observations gave the following data : 


Sean preapare Caring trial... pounds 
Temperature of water entering boilers... 190° Fahr. 
“ in determining priming 
Initial. Final. Range. 
ist observation.............. 60 110 i) 
63 124 (116°?) 53° (7 
Temperature of water in determining temperature of flues : 
let observation.............. 65 119s 
Weight of one cord of wet spent tan, as measured in the leach................5 447.7 pounds. 


20. The determination of the total heat derived from the cord of fuel 
is the first and most important problem. To solve it, it is necessary to 
know the temperature and weight of feed water, the weight of steam pro- 
duced and its temperature, the weight of water heated to the tempera- 
ture of the steam, but not evaporated, and the quantity of fuel consumed. 
From the data obtained we can readily ascertain the total number of 
units of heat utilized per cord of wet fuel burned. 

21. It is first necessary to caleulate what portion of the 73 125 pounds 
of water passing through the boiler, was actually evaporated. Each 
pound of steam produced, required for its generation the quantity of 
heat needed to raise it from the temperature of the feed-water to that due 


the pressure under which it was formed, and to vaporize it at that tem- 


perature. Each pound of water. carried away in suspension by the 
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steam, only absorbed from the fuel the amount of heat needed to raise 
its temperature from that of the feed-water to that of the steam. 

In heating the water in the calorimeter used in testing its quality, 
each pound of steam gave up an amonnt of heat equal to that which 
would have been required to raise its temperature from that of the mass 
in the calorimeter at the end of the experiment, to that of the steam in 
the boiler, and to evaporate it at the litter temperature and pressure. 

Rach pound of water entering the cilorimeter, surrendered a quantity 
of heat equal to that needed to raise its temperature from the final tem- 
perature of the calorimeter to that of the steam under boiler pressure. 

22. The total amount of heat being the sum of these two quantities, 
we may construct an algebraic equation which shall embody all the con- 
ditions of our problem. 


Let 17 = the number of heat units per pound of steam, />= the num- 


ber of heat units per pound of water, total heat transferred to 
calorimeter, W = total weight of steam and water, .. = total weight of 


steam alone, Wo — = weight of water alone. 


U 


23. At the first experiment, the steam pressure, per gauge, was 75 
pounds. The temperature of steam at this pressure is 320° Fahr. The 
**total heat” of steam at 320°, from 0, and at 75 pounds pressure, is 
(320—212) 0.305 + 212 + 66.6 = 1211.5-. 

The heat transferred to the calorimeter, per pounds of steam, was 
therefore 1 211.5 — 110 = 1 101.5 thermal units in this experiment. 

The heat transferred, per pound of water, was 320—110 = 210 thermal 
units. 

The total quantity of heat transferred to the 260 pounds of water, by 
10 pounds of mingled steam and water, was 200 (110° —60°) = 10 000 
thermal units. 

10 000 
1101.5 

210 

W — « = 10 — 8.87 = 1.13 pounds of water. 


The percentage of priming was, therefore, 11.3. The ratio of weight of 


Finally, « = — 8.87 pounds steam. 


* See Report of Committee on Test of Steam Boilers; Trans, Am. Inst., 1871-2. 
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8.87 
steam and water was 7.85, the water being 


1.15 


1.1: 
ag7 X 100 = 12.74 


per cent. of the steam. 

24. The other experiments were made with the steam pressure as be- 
fore, and, in the second, the valve of W—N comes out negative, indicat- 
ing superheating. This nay, possibly, have actually occurred as a con- 
sequence of the water having fallen slightly below the upper row of tubes 
in one boiler, but it is more probable that the reading, 124, does not 
represent the mean temperature of the mass of water in the calorimeter. 
In this experiment, the water was not as carefully stirred with the ther- 
mometer as in the other experiments, and the temperature was taken at 


the surface of the water, after a first and otherwise satisfactory reading 


of 1160 had been obtained, but md application of the steam jet had 
been necessary, to accurately balance the scale, which heated the surface 
above the average temperature of the mass previously heated. The true 
reading can probably have been no higher than 116° or 117°, and it is 
taken for purposes of calculation at the former figure, although the 
lowest unrecorded reading, finally, actually obtained at the middle of the 
well-stirred muss was 116-. 


600 


Then «= 1 095.5 pounds steam, 
204 


and the weight of water being 10—0.6 = 0.4, the pereentage of priming 


was 4, and the water carried over weighed as 100 = 4.5 per eent. as 
much as the steam with which it was mingled 
In the third experiment 
10 600 
POD 
1 O96.5 


POD 


9.59; W—a 0.41. 


The pereentage of priming was 4.1, and of water to steam 4.2 per 
cent. 

The mean percentage of priming was 6.47. ‘The mean percentage of 
steam alone was 93.53. 

25. The total quantity of heat derived from the fuel and taken up by 
the boilers can now be divided into two portions wnd each calculated 

The total weight of steam produced was 73 125 >< 9353 — G8 393.8. 


water primed 


3125 > .0647= 4 731.2. 
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The mean pressure at which this steam was formed being 71.4 pounds, 
we find its ‘*total heat” per pound to be 1 210.6 thermal units, and the 
heat communicated to each pound of feed entering at 190. and evapor- 
ated at this pressure, 1 020.6 units. The average heat received from the 
fuel by each pound of water not evaporated was 127 thermal units. 

Then 68 393.8 ~ 1 020.6 = 69 802 712.3 units, 

and 4 731.2 127.0 600 862.4 

Total heat from the fuel = 70 403 574.7 thermal units. 

TO 408 


Total heat per cord tan 9 143 321.4 units. 


26. The usual standard, as generally accepted by engineers in exam- 
ples of this kind, is the evaporation of one pound of water, at the boiling 
point, and under atmospheric pressure. 

The heat required is the latent heat at 212-, or 966.6 thermal units 
per pound. We have, therefore— 

Equivalent evaporation, by one cord of wet spent tan. from 212-. 
under atmospheric pressure : 

: ae - 9 459.2 pounds of water. 

27. Under these conditions, 10 pounds of water would be considered 
a fair evaporation per pound of good coal, and in this example therefore, 
the furnace utilized from each cord of tan the equivalent of 946 pounds 
of coal. 

28. A quantity of the tan was placed ina ‘fruit jar,” and hermeti- 
eally sealed. This tan was carefully weighed by Prof. Geyer, at the 
Stevens Institute of Technology, dried by exposure to the air in the 
study of the writer for one week, and then again weighed by Prof. 
Geyer, in the presence of the writer. ‘The weights, beiore and after dry- 
ing, were respectively 656.8 grammes, and 268.8 grammes. This fuel 
contained, therefore, 59 per cent. water, and but 41 per cent. woody 
fibre. 

The weight of a cord of this tan, measured in the leach, and then well 
dried in the open air, would be 2 233.56 pounds, and the equivalent eva- 
poration per pound becomes 4.24 plus that of the water contained in the 
fuel, say 1.44. or 5.68 pounds water per pound of combustible. 

29. The determination of the temperature of chimney flue, or of the 
escaping gaseous products of combustion, is thus made. At the first ob- 


servation, 50 pounds of water were heated from 65- to 119- Fahr., a 


range of 54°, by the cooling of a mass of iron weighing 60 pounds, from 
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an unknown temperature to 119° Fahr. The amount of heat commu- 
nicated to the water was 50 >< 54 == 2 700 thermal units. Each pound of 
iron, therefore, parted with : - 45 units of heat. 

The specific heat of iron is given by Watts as 0.112. It requires, 
therefore, the cooling of one pound of iron through 9 of temperature to 
heat a pound of water one degree. The iron, in the case considered, 
must therefore have lost 45. 9 — 405 , whev cooled to 119 , and its 
original temperature, and that of the escaping gases in the flue, must 
have been 405 119 — 524 The second observation, in a similar 
manner, gives the temperature of the chimney flue at 564.5-. 

Watts gives 315- Centigrade, 500) Fahr., as a proper temperature with 


natural draft. Rankine gives absolute temperature of external air multi- 


25 
plied by 2 the temperature giving most effective draught. In this 


case, therefore, in which the average temperature of the air was 74, the 


_ 74+ 461 
best temperature of chimney would have been (25 1 )— 461 
645-. 
30. The minute inaccuracy of the results thus obtained, which is due ‘ ’ 


to changes of the specific heat of water, and of metal, under varying tem- 
peratures, is of no practical importance. As the vessel containing the 
water heated was of wood, in each case, the usual correction for heating 
the vessel when metallie becomes of no importance also, and the weight 
of the thermometer being insignificant in comparison with that of the 
water, that correction is unnecessary. This method is of great value as 


a last resort, in absence of other good heat measuring appliances. 
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PART II.* 


31. The second furnace which was experimented upon by the writer, 
was of the form known as the ‘ Crockett.” This form of furnace is 
shown in Fig, 2, and that here described was of the same general form 
as that illustrated, differing principally in its arrangement of bridge walls. 

In this example two furnaces were constructed side by side, each 
having a grate surface of 4 x 6 feet, the total grate area of both being 48 
square feet. 

The grates were of cast-iron, of ordinary form, set so closely that 
none of the wet fuel could fall through into the ash-pit. It was stated 
that it was not intended that the charred fuel should fall through and 
burn in the ash-pit. 

During this trial, however, more or less burning tan was continually 
falling into the ash-pit and burning there. This, undoubtedly, assisted, 
in some degree, in the desiccation of the wet fuel, by direct radiation 
of heat, and by heating the entering air as it passed over this bed of hot 
coals. To this extent the furnace resembled, in its action, the Thompson 
furnace, already described. 

Above the grates a brick arch was turned, as shown, a:ainst which 
the products of combustion impinged and the heat radiated from the 
burning fuel on the grate, keeping this arch at a high temperature, it 
assisted the process of desiccation of wet fuel, when first thrown in, 
by strongly radiating upon it the heat thus stored up while the fires were 
most intense. From the furnace the gases passed directly into the flues 
beneath the boiler. 

32. The tan, wet from the leach, was charged into the furnaces 
through the doors in the front, as in all usual forms of furnace, and the 
process of ‘‘ firing” differed but little from that usual with thin fires, 
where coal is used. The fuel was thrown in at intervals of between 5 
and 8 minutes, the furnace-man taking care, first, to fill all holes in 
the burning mass, and, next, covering the whole with a very evenly dis- 
tributed and very thin layer of fresh fuel. This fresh charge was 
quickly dried by the heat of the burning fuel, over which it was spread, 
and by the heat radiated from the hot furnace arch above it, and, taking 
fire, burned freely. No special effort seemed to be made to obtain 
‘“‘alternation” in working the furnace, but the irregularity with which 


* Transactions CII. “Efficiency of Furnaces burning Wet Fuel,’ by Prof. Robert H. 
Thurston, continued. 
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the fuel burned at different parts of the grate did, perhaps, secure 
something of this effect. 

33. The fuel was measured in the leach, as in the previous case, and 
about a half leach, measuring 44 cords, was burned during the trial, be- 
tween 8 o’clock a. M. and 6 o’clock p.m. The actual working time 
was 9 hours, the work being stopped from 12 m. to 1 P. M. 

34. The tan bark burned was hemlock, mixed with some oak. It 
looked like a better material than that used in the other trial. It was 
more cleanly ground, seemed less “soggy,” and had a*much better 
color. 

35. The boilers used here were two in number. One was an old- 
fashioned ‘‘ Cornish” boiler, 4 feet in diameter and 18 feet long, with 
one 24-inch flue. The second was 6 feet in diameter, with four 18- 
inch flues; the total length was 15 feet. The gases from the furnace 
were led under the boilers, and then, with a double return through the 
boiler-flues to the chimney. The total heating surface, reckoned as 
before, was very closely 700 square feet. 

36. The flues were stated to have been so long in use without clean- 
ing, that the draught was somewhat impeded by the accumulation of 
ashes beneath the boilers, and that the rapidity of combustion was some- 
what lessened. The two trials are, therefore, both to be taken as rep- 
resenting less than the maximum capacity of the furnaces. 

37. The trial was made by a somewhat similar method to that adopted 
in the one already described. The quality of steam was determined 
similarly. The water was measured differently. In this case the capa- 
city of the feed-pump exceeded several times the requirements of the 
boiler, and the only absolutely reliable means of determining the quan- 
tity of fuel seemed to be to measure every pound going to the pump, 
thus evading the uncertainty attending any attempt to secure regularity 
in the action of the latter. 

38. A barrel was fitted to the suction-pipe of the pump, and an 
employé of the Mechanical Laboratory of the Stevens Institute of 
Technology was stationed with a hose to fill it with water, when it be- 
came empty, and to keep an account of the number of barrels used, 
while an employé of the proprietors of the tannery, stationed at the 
pump, checked the account. All of the water fed into the boilers during 


the trial was thus measured, and at the close of the trial the barrel was 


taken out, filled on the scales, and the weight of its contents deter- 
mined, 
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39. There was no opening into the chimney flue through which the 
escaping gases could be reached, and their temperature was not deter- 
mined. 

40, The amount of smoke issuing from the chimney of this furnace 
was considerably greater than was observed at the preceding trial, indi- 
cating that the Thompson Furnace secured a somewhat more perfect 
combustion than the Crockett. 

41. The results of this trial gave the following data : 


Total number of cords of tan burned 


4.5 
Temperature of feed-water entering boilers (estimated).................-..0.6+ 160° Fahr. 
water observed in determining ‘ priming ”’ : 
Initial. Final. Range. Initial. Final. Range. 
Ist. observation...... 68 118° 50° 3d observation ...... 76° 126° 50 
2a 70° 118 48 4th “ 124° 48° 


42. Estimating the priming as before, we obtain from the several 
observations, which were made with the steam pressure, per gauge, 55, 
50, 45 and 60 pounds, respectively, « = 9.02, «= 8.07, « = 9.12, and 
xv = 8.55, and the per centage of priming, 9.8, 19.3, 8.8, 14.5 per cent. 
The me>n of all observations gives the average percentage of priming at 
13.1 p. cent., and indicates that the steam issuing from the boiler carried 
in suspension 15 per cent. of its own weight of unevaporated water. 

43. We determine the total heat from the fuel thus : 

The mean pressure of steam during the trial was 50.44 pounds per 
square inch, and its temperature 298° Fahr. Its total heat at 298° 
from 0° was 1 204.8 units per pound. Then we have 


Total heat, peor pound Of 1 204.8 — 160 = 1 044.8 

298— 160= 138 , and 
Total heat transferred from fuel to steam.............eeeeeeeees 25 884 209.54 units. 

Total heat transferred from fuel to feed...........cccccccccsescecscscece 26 399 595.38 units. 

Equivalent evaporation per cord, water at 212°..............ceseeeeee ea 7 103.84 pounds 


44. A sample of the fuel used in this trial was sealed up, as before, 
and was similarly weighed at the Stevens Institute of Technology, dried 
in the air one week, and its loss of moisture determined. 
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This sample contained 55 per cent. of water, and 45 per cent. ligneous 
material. The weight of the tan in the leach was judged to be practi- 


cally the same as in the preceding trial, and the equivalent evaporation 


per pound is = 3.19 plus the water held by the fuel, say 1.22, 


2 233.56 


or 4.41 pounds. 

45. Comparing the quantities of heat actually utilized by transfer 
from the fuel to the boiler, we obtain as the measure of the actual com- 
parative efficiencies of the two furnaces 4.24 — 3.19=1.33, the Thompson 
excelling the Crockett 33 per cent. A number of circumstances combine 
to make the actual difference somewhat greater than the record here in- 
dicates, but this result may probably be taken to represent practically the 
relative economical standing of the two furnaces. 

46. Experiments on dry pine wood, made by Prof. Johnson during 
his extended and invaluable examination of American coals,* for the 
U. S. Navy, furnish a standard of comparison which will be useful here. 
One cord of well-seasoned yellow pine wood weighed 2689.2 pounds— 
10 per cent. more than a cord of thoroughly air-dried spent tan bark— 
and one cubic foot weighed 21 pounds. Experiments on evaporative 
power showed, as a mean result, an effect equivalent to the evaporation 
of 4.69 pounds of water from 212°, under atmospheric pressure, per 
pound of wood consumed, the temperature of chimney flue being 315.2°, 
and the wood burning at the rate of 15.87 pounds per square foot of 
grate per hour, under a boiler having a ratio of heating to grate surface 
of 26.83 to 1. 

47. Comparing this result, as a standard, with the evaporation ob- 


tained in the two wet fuel furnaces, per pound of fuel, exclusive of water, 


5.68 
we get for the Thompson furnace a = 1.21, and for the Crockett, 
4.41 
io = 0.94. The Thompson furnace is thus seen to have given a 


better result per pound of ligneous combustible when burning wet tan 
than was obtained in the ordinary steam-boiler furnace, burning seasoned 
yellow pine, this superiority reaching 21 percent. The Crockett furnace 
had 94 per cent. of the efficiency of the common wood-burning steam- 
boiler furnace. 

48. The relative efficiency of fuel, comparing wet tan with dry 
wood, by weight, the former containing between 55 and 60 per cent. of 


* Report to the Navy Department on American Coals. By Walter R. Johnson. Wash- 
ington, 1844, pp. 546-550. 
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4.24 


water, becomes 100 = 90.4 per cent., each fuel being consumed 


under the most favorable conditions shown above, and equal weight of 
ligneous fuel being taken for comparison. 

A cord of dry yellow pine, as per experiments of Prof. Johnson, 
evaporated 12 618.3 pounds of water. A cord of wet spent tan, burned 
in the Thompson furnace was equivalent to eek = 0.75 cord of dry 
wood. One cord of wet spent tan burned in the Crockett furnace, 
7103.84 
12 618.3 

49. A cord of dry yellow pine is approximately equal in heating 
power to 0.6 of a ton of coal, and, conversely, the ton of good coal is 
equal in calorific power to 1.66 cords of soft wood. An average pound of 
dry wood is theoretically capable of evaporating 6.66 pounds of water 
from and at 212°. A pound of good anthracite, similarly, should evap- 
orate 13.5 pounds of water. 


was equivalent to 0.56 cord of dry yellow pine. 


The ‘absolute efficiencies” of coal and wood, under the conditions 
already described in the several cases mentioned, are as follows : coal 
70 per cent.; wood—in the Crockett furnace, 66 per cent., in the or- 
dinary steam-boiler furnace, 70 per cent, and in the Thompson furnace, 
85 per cent.—reckoning the evaporation of the moisture in the fuel. 
Excluding this moisture, the percentages become respectively 70, 48, 70 
and 64. 

50. The data obtained at these trials are sufficiently complete to fur- 
nish a basis upon which to construct the theory of action of each furnace, 
and to give approximate determinations of quantities which are of im- 
portance in that connection, and of interest in their bearing upon prac- 
tical deductions. The most important points are the temperatfres of 
furnace and of chimney flue, the quantity of air supplied, and the effect 
of variations of area of heating surface of boilers. 

51. An approximate determination of the temperature of furnace can 
be made, in this case, in the following manner : 

The fuel used at this furnace, as taken from the leach, contained more 
than one-half its weight of water. In handling, it lost some of this mois- 
ture. When thrown upon the top of the furnace, and before it was 
thrown upon the fire, it, by its non-conducting property, prevented to 
some extent loss of heat, and such heat as was absorbed by it was use- 


fully employed in evaporating its moisture. The quantity of water thus 


lost before entering the furnace may be estimated approximately at about 
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1 per cent. in handling, and 3 per cent. at the furnace. Box, in his 
‘Treatise on Heat,” gives the total loss of temperature by conduction 
and radiation, in a fire-brick furnace, as 10 per cent. Here, several long 
oveus were placed side by side and the principal loss was that from the 
top. Very little could take place laterally, and no heat could pass down- 
ward. 

The total loss here may be taken as 2} per cent., which would so 
change the composition of the wet fuel as to leave it with 3 per cent. less 
water, making it about 45 per cent. combustible and 55 per cent water. 

Taking the available heat per pound of the dry portion, at 6 480 ther- 
mal units, each pound of wet fuel yields 2 916 units of heat. Of this, 
531.6 are absorbed in the evaporation of the 55 per cent. of water, leav- 
ing 2 384.4 units to raise the temperature of the products of combustion. 
Of these there are, as a minimum, 3.7 pounds having a mean specific heat 
of about 0.287. 

The elevation of temperature is therefore 2 245.3°, and adding the 
mean temperature of the atmosphere, 74°, the mean temperature of fur- 
nace, assuming no dilution with unused air and no losses, would have 
been about 2 320-. Losing about 2} per cent., the temperature becomes 
2 260°. 

The temperature of chimney flue was found by experiment to have 
been 544°. The furnace gases were therefore cooled 2 260°-—544°= 1 716° 
by the loss of the heat given up to the boiler. This is equivalent to 
1 716 0.287 = 492.5 heat units, per pound of gas, and to 4 049.4 units 
per pound of ligneous material in the fuel. 

The ‘equivalent evaporation,” from and at 212°, is 4 049.4 — 966.6 
= 4.18 pounds of water. The actual evaporation was equivalent to 4.24 
pounds, and the difference—less than one per cent.—represents losses 
and errors of approximation. 

52. The actual existing temperature of furnace’can be thus estimated : 
the available heat per pound of fuel, excluding water, has been given at 
2916 thermal units. Of this as Sm 0.182 was not useful in raising the 
temperature of either the furnace or the chimney. Hence, of all heat 
liberated, 1.00 — 0.182 = 0.818* was efficient in elevating the tempera- 
ture of furnace, and 0.37 — 0.182 = 0.188 was effective in producing the 
observed temperature, 544° of chimney. Then, since the same quan- 
tity of gas passes at both places, the temperature of furnace was 


* Assuming 6 480 units as the heating power of the tan when dried, the efficiency of this fur- 
nace becomes 0.63, and 0.37 of the total heat of the fuel passes off by the chimney. 
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0.818 


isa <1) +74 =2118.5°. To this is to be added the slight 


loss of temperature, en route between furnace and chimney, by conduction 
and radiation. 


53. The air supply of the Thompson furnace is unusually restricted, 
as has already been noted. 

Instead of an ash-pit with a front entirely open, we find here closed 
ash-pit doors, and no other opening for the passage of air than the com- 
paratively small orifices in the registers with which the doors are fitted. 
The usual amount of air supplied, in furnaces burning coal, is generally 
given as about twice the theoretically required quantity, giving a tem- 
perature of about 2 400°. In exceptional cases, the air supply falls as 
low as one and a half times the theoretically required amount, the tempera- 
ture reaching about 3 000°. In such cases, it sometimes happens that the 
grates are melted down, cast-iron melting at between 2 700° and 2 800°. 

In the Thompson furnace, with an ash-pit fire, this is very likely to 
take place with iron grates, and the inventor was therefore driven to the 
use of fire-brick grates. The mean temperature of the products of com- 
bustion is, however, lower, notwithstanding the restricted air supply, in 
consequence of the presence of moisture. 

The quantity of air supplied is calculated as follows: the difference 
between the theoretical and the actual temperature of furnace, as above 
estimated, is 2 260° — 2 118° = 142°, corresponding to 142 > 0.287 = 
40.75 thermal units per pound of gas, or 40.75 3.7 = 150.8 units per 
pound wet fuel, and 150.8 — 0.45 = 335.1 units per pound of wood, which 
heat was distributed through the air diluting the products of combus- 
tion. 

This latter amount is sufficient to heat (335.1 — 0.238) ~ 2 044 = 0.69 
pounds of air from the temperature of the external air 74° to 2 118°. 
The theoretically required quantity of air, per pound of wood, is 6 
pounds ; hence, the products of combustion, at the Thompson furnace 
were diluted with 12 per cent. of air; this is one-fourth that of ordinary 
practice with coal fires. 

54. The temperature of chimney flue not being known, the estimates 
of temperature of furnace and of air supply cannot be so satisfactorily 
determined for the Crockett furnace. The following may, in the opinion 
of the writer, be taken as a fair approximation. 


The composition of the fuel, in this case, was slightly changed in 


handling, between the leach and the furnace, as before. Lying in front 
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of the furnace also, a small amount of drying must have occurred by 
radiated heat. Taking the total amount of both influences as producing 
an alteration of 2 per cent. in the composition of the fuel, it becomes 
52 per cent. water and 48 per cent. dry wood. 

55. The theoretical temperature of furnace gases, estimated as before, is 
reduced largely in this case, by the air of dilution. The fuel was burned 
at the rate of about 20 pounds per square foot of grate per hour, and the 
weight of carbon, the only valuable heat-producing element, was 5 
pounds per square foot of grate per hour. The bulky character of the 
fuel compelled the opening of the doors, in charging the furnace, about 
once in seven or eight minutes. The fire burned somewhat irregularly 
into holes, allowing an unusual amount of air to pass up unutilized. 

In ordinary practice, with anthracite coal fires, the fuel burns, with 
such draught as was found at the Crockett furnace, at the rate of about 
10 pounds carbon per square foot of grate per hour. The doors are 
opened about once in fifteen or twenty minutes, and the air supply is 
about 240 pounds per square foot of grate surface per hour. 

56. The air supply, at the Crockett furnace, was apparently in excess 
of that just given, by a large amount. Neglecting this excess, and cal- 
culating the temperature of the furnace as if the air supply were the 
same as with coal, the following results are obtained :— 


Rendered latent by evaporating 52 per cent. water............c.seeseeeeeceees 503.6 


This was distributed through 12.5 pounds of gaseous products of com- 
bustion, of a mean specific heat, 0.25. The elevation of temperature 
was therefore 832.8°, and, adding the mean temperature of external air, 
we obtain, for the average temperature of gases escaping from the fur- 
nace, including cold air streaming through the furnace doors and the 
holes in the fire, 919.3°, or about 100° above the temperature at which 
combustible gases can take fire. 

Taking the air supply as possibly, at times, as low as that considered 
the minimum with ordinary coal fires, 180 pounds per square foot of 
grate per hour, where burning fuel with sluggish draught, the tempera- 
ture of furnace at such times becomes 1 150.3°. 

57. The temperature of chimney flue may be readily estimated for 
these conditions. Referring the performance of this furnace, like the 


preceding, to ‘‘dry wood” as a standard, its efficiency is 47 per cent. 
Hence 53 per cent. of the heat obtainable from the fuel passes off by the 
chimney. The loss of heat by the escape of unburned carbon, in the 
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form of smoke, although more than at the other furnace, was not pro- 
bably sufficiently to be here taken into account. The following are the 


estimates :— 


This was distributed throughout 12.52 pounds of gas, where the usual 
supply of air was maintained, and through 9.64 pounds in the case of 
less free supply, supposed possible at times. 

The heat per pound of gas amounts to 91.4 units for the first case, 
elevating the temperature 91.4 — 0.25 = 365.6° above that of the atmos- 
phere, or to 452°. 

Under the other supposed conditions, the elevation of temperature of 
chimney becomes 467.7°. 

To secure an economy, at this furnace, equal to that obtained at the 
Thompson furnace, it would be necessary to reduce the quantity of heat 
carried off by the chimney gases, in the proportion of 53 to 37. 

One-third of this heat is latent in the vapor of water, and no part of 
that can be secured. The requisite reduction of temperature of gases to 
effect this economy is thus exaggerated ; and it would be necessary, were 
such a thing possible, to bring down the temperature of chimney to be- 
tween 140° and 160°, to a temperature 160° or 140° below that of the 
boilers itself, or to less than one-fourth that required for most efficient 
draught. 

58. In determining the precise value of two competing sets of appa- 
ratus, as generators of heat, it is necessary first to obtain from each its 
best performance in producing heat, and then to provide means of ab- 
sorbing and utilizing that heat with equal thoroughness in both cases. 

The proper area of heating surface of boilers will therefore vary with 
each case. The same area, where the furnaces themselves differ consider- 
ably, may, in the one case, allow a waste of heat, while in the other it 
may reduce the temperature of gases so far as to compel the adoption of a 
‘* mechanical draught.” In the cases here considered, the area of heating 
surface was, fortunately, very nicely adapted, in each instance, to the re- 
quirements of the case. In both examples, the temperature of chimney 
flue is found to be somewhat below that required for most efficient 
draught ; but was not far different in the two cases, the less economical 
furnace having the economical advantage of such difference as did exist. 


The trial, therefore, exhibits very fairly the intrinsic values of these 
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two furnaces, as heat-generating apparatus, and of these two radically 
different methods of working them, as taken apart from the efliciency of 
heat-absorbing or heat utilizing contrivances. 

59. The importance of high temperature of furnace is strikingly and 
beautifully illustrated by these results. The two furnaces develop prac- 
tically the same amount of heat from the fuel, but the one distributes it 
through a large volume of gases at low temperature, sending a consider- 
able proportion of it up the chimney, while the other raises a small 
volume of gas to a much higher temperature, making it more available 
to the extent of 33 per cent., and finally, even then, sending up the 
chimney gases of higher temperature than the first. 

The abstract efficiency of the furnace, in any ordinary case, is repre- 
sented by the formulae— 

t, T, 
—ts T,—T; 
Where e' represents the efficiency and ¢, and /, are the absolute tem- 


e' = 


peratures at which the heat is generated, and at which wasted heat is 
discharged, and ¢, that of the external air, 7,, 7., Ts, are temperatures 
on the Fahrenheit scale. 


2118° — 544° F. = 


9190 — 459 
jigs 90.5 = 

60. These values do not represent the efficiency of the fuel, including 
the vaporization of water contained within itself. In these cases the heat 
lost, as latent in vaporization, before the generation of these tempera- 
tures, is to be deducted to give the total efficiencies of the fuel, which 
thus are found to have the values 0.77 (1—0.182) = 0.63 and 0.56 
(1—0.175) = 0.46. 

The experimental determinations were 0.64 and 0.48, if referred to 
seasoned wood, and 0.63 and 0.47 when referred, as here, to dry wood of 
a calorific value of 6 480 heat units. 

To make the values of e comparable with the standard already as- 
sumed for final absolute efficiency, per experiment, it is necessary to add 9 
per cent. to the first values of e, in each case, in order to credit the fuel 
with the heat used in the vaporization of its water, and with the heat 
carried by the vapor up the chimney. 

Thus the values 0.77 + 0.09 = 0.86, and 0.56 + 0.09 = 0.65 are deduced. 
These ratios, by experimental determination, were 0.86 and 0.67. The 


correspondence of these figures with those just deduced theoretically, is a 


In these cases e! 


° 
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remarkably conclusive evidence of the accuracy of the estimated tempera- 
ture and of the fact that the difference of efficiency found by trial is due 
to such difference of temperature. The accordance is unusually precise. 
61. Rankine has given a formula* for determining the efficiency of 

fuel in ordinary steam boiler practice, where the ratio of the area of 
heating surface, and of fuel burned per hour, to the square foot of grate 
surface, is known :— 

e} BS 

e  S+AF 


1 
in which e is the quantity called above e', A and B are constants, 


and F'and S are the ratio of fuel burned per hour to the square foot of 
grate, and the ratio of area of heating surface to grate area. 

For the cases here considered, A = 0.5, and B= 0.92, S = 8.5 for 
the Thompson, and 14.5 for the Crockett furnace, F = 1.38, and 


5.3; 8 becomes 0.13 and 0.36, and the value of = is, for the Thomp- 
son 0.859, and for the Crockett furnace 0.776. 

Were this formula applicable to these cases, the experimental deter- 
minations of efficiency should coincide with these, but they are 0.64 and 
0.48. This difference is a consequence of the facts that the fuel used in 
these furnaces was wet, and that the large proportion of heat absorbed 
by the water was so much abstracted from the efficiency of the fuel. 
Thus the absolute values are reduced. 

They differ, also, in consequence of the important fact exhibited in 
the preceding paragraphs, that the temperature of furnace differs in each 
case (and in the case of the Crockett furnace immensely), from the tem- 
perature, 2 400° given by Rankine as the mean temperature of furnaces 
to which his formula is adapted. This changes relative values. 

The value 9.859, for the Thonrpson furnace, is almost precisely that 
obtained by experiment—‘“‘ including water in fuel,” 0.86—as it should 
be, since the temperature of that furnace, 2 118°, is not far different 
from that of the ordinary coal fire. The value, 0.776, for the Crockett 
furnace differs greatly from that formed by experiment—‘ including 
water in fuel,” 0.67—as would be expected in consequence of the excep- 
tionally low temperature of that furnace. 

The difference between these two theoretical values, 0.859 — 0.776 = 
0.083, would represent approximately the loss of total absolute efficiency 


that might be expected, were the case one of ordinary practice, and were 


* Steam Engines and Prime Movers, p. 292, § IV. 
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the Thompson furnace supplied with boilers of as small a ratio of heat- 
ing surface to fuel consumed, A as the Crockett furnace actually had. 

The difference which would really be produced would be less in con- 
sequence of a circumstance, peculiar to that example, of which the in- 
fluence has not been noticed by writers on this branch of the theory of 
engineering. 

62. The rate of conduction of heat from the furnace gases to the 
heating surfaces with which they are in contact varies, in some not well 
determined ratio, with the difference of temperature. It may be repre- 
sented approximately, according to experiments of Charles Wye Wil- 
liams* and, judging from the analysis of M. Paul Havrez,+ by a hyper- 
bolic curve, of which the equation is x y = A; y representing the evap- 
oration for a unit of area of a tube at a distance x from the furnace. 

U = B log « is the equation of total evaporation. 

When the volume of gas is the same, as in cases to which the formula 
of Rankine applies, the constants in these equations are the same, and 
his formula gives a remarkable satisfactory approximation. Where, as 
in the Thompson furnace, the restriction of the air supply causes a com- 
paratively slow movement of gases along the heating surface, the value 
of that portion nearest the fire becomes enhanced, leaving the furthest 
portions of less efficiency. 

The effect of reducing the air supply nearly one-half would, therefore, 
be to actually reduce greatly the amount of the theoretical loss, 0.08, 
just given. The real loss would be somewhere between this 8 per cent. 
and the smaller differences noticed between the theoretical estimates of 
efficiency of fuel and the actual differences shown by experiment. This 
latter consideration may, perhaps, be taken as a proof that this differ- 
ence of efficiency due to such a change of heating surface, would 
amount to approximately 2 per cent. Were more steam wanted, this 
would be at once sacrificed at the Thompson furnace, to bring the 
temperature of chimney up to that, 645° which would give most efficient 
draught. 

63. At the Crockett furnace, the effect of the exceptionally low tem- 
perature of furnace is to equalize the value of heating surface; and the 
considerable velocity of the gaseous current, which is a consequence of 
the unusually great volume of air passing through the furnace increases 


* «On the Steam Generating Power of Marine and Locomotive Boilers.’’—London, 1864. 


t * Evaporisation decroissante en Progression Geometrique dans les Chaudieres.””— 
Revue Industrielle, 1874. 
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this effect. The nearer surface is inefficient, and the most distant por- 
tions of the heating surface are therefore proportionally much more 
efficient than in the preceding case. 

Extension of surface is, however, precluded by the fact that the tem- 
perature of escaping gases would fall still further below that required for 
effective draught, and, as already indicated, were it possible to operate 
the furnace at all, this temperature would become one-half the temper- 
ature of the boiler, were so much heat abstracted as to give an efficiency 
of fuel equal to that obtained in the other furnace. Heat would then 
pass from the boiler to the gas at those portions of its surface farthest 
from the fire, and the draught could only be maintained by means of 
special ** blowing” apparatus. This is another fact illustrating the im- 
portance of high temperature of furnace in the attainment of high 
furnace efficiency. 

64. The preceding table presents the results of the above investigation 
in a concise form, in which it may be found very useful for reference. 

65. Both of these furnaces were introduced about twenty years ago, 
and the first is in somewhat extensive use. No experimental determina- 
tion of their actual relative efticiencies has ever been made before, so far 
as the writer is aware, which has enabled their theory to be worked out. 
The determination of their theory, as here given, has greatly interested 
him, and will, perhaps, prove as interesting to the profession. It 
may be found of value, in view of the many important applications which 
are daily being made of the various kinds of wet fuel. 

The temperatures, as given, may be somewhat below actual temper- 
atures where they are determined from the composition of fuel, as the 
calculations are made on the assumption that all vapors issuing from the 
fuel are raised to the mean temperature estimated. The real fact is, that 
they are expelled while the temperature of issuing gases is reduced by 
their presence, and they therefore do not abstract as much heat as is 
debited to them in the calculation. 

During those intervals of time which elapse between the drying of 
one charge and the introduction of the next, the temperature of furnace 
rises to that due to the combustion of dry fuel. The result, as given, are 
probably, however, practically and sufficiently correct. 

Mr. Richarp H. Bueu—In tests such as are here described the prin- 
cipal points to be determined by experiment are as follows :— 

Ist. The pressure of steam. 


2d. The weight of water evaporated. 


317 


3d. The quality of the steam. 

4th. The temperature of the products of combustion in the chimney. 

5th. The temperature of the feed water entering the boiler. 

6th. The weight of fuel supplied to the furnace. 

7th. The amount of effective combustible matter in the fuel. 

Ist. It is not stated in this paper whether or not any tests were made 
to determine the accuracy of the steam gauges. If this were not done, 
the record of pressures is very unreliable. According to the reports of 
the Hartford Steam Boiler Insurance Co., defective steam gauges are 
only too common. The temperature and heat of the steam are used 
in the principal calculations of the paper, rendering it of the utmost im- 
portance that the pressures should be accurately recorded. 

2d. In the experiment on the Thompson furnace the volume of feed 
water was obtained, not by continuous observations, but by a series of 
tests at intervals ; how many is not stated. Engineers who have tried the 
experiment of making a pump give a constant supply—as, for instance, 
maintaining a steady head in a tank from which the water is constantly 
flowing—have found that it was necessary to regulate the opening of the 
steam-valve of the pump continually as the pressure in the boiler 
changed, or the pump was lubricated. It appears from the calculations 
in this paper that the steam pressure did vary somewhat, so that it is 
doubtful whether the pump delivered water continuously at the rate of 
90 eubic feet an hour. Again, the weight of the feed water, which had 
a temperature of 205° Fahr., is assumed to have been 62.5 pounds per 
cubie foot, which is greater than the weight of distilled water at the tem- 
perature of maximum density. Judging from the experiments of Sorby, 
Kopp, Matthiessen and Rosetti, it is probable that the weight of the 
water at this temperature was about 60 pounds per cubig foot. Certainly 
if it were not weighed on the occasion of the test, there is a chance of 
inaccuracy in the record. The mode adopted with the Crossett furnace 
for measuring the feed water is far more certain. 

3d. The method employed to test the quality of the steam is one of 
the most elegant and precise that can be employed without the use of 
costly apparatus. It seems to have been somewhat defective in the 
present case on account of the small number of observations. 

The per cent. of priming affects the performance of a boiler very 
seriously, and it is believed that the true mean cannot be assured from 


three or four observations which differed from each other so widely, as 


stated in this paper. 
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4th. The determination of the temperature of the flue seems open to 
the same objection. Only two observations are recorded, giving results 
which vary more than 40° from each other, so that it is questionable 
whether the arithmetical mean of these two quantities represents the 
mean temperature of the chimney during the trial of 13 hours. 

5th. The temperature of the feed on entering the boiler, being merely 
an estimate, is, of course, somewhat uncertain. It is generally consid- 
ered by engineers that a precise test requires the actual observation of 
the necessary data, and that where estimates are the only available data, 
they detract considerably from the value of the final results. 

6th. The weight of the fuel supplied to the Crockett furnace was not 
determined by experiment, as in the case of that used in the Thompson 
furnace, and as the fuels used in the two cases were said to vary some- 
what in quality, and to contain different percentages of water, it is 
doubtful whether the estimated weight is correct. 

In calculating the efficiency of each furnace, it is assumed that there 
has been no loss of water in transferring the fuel from the leach to the 
furnace, while in the calculation for furnace temperature, the result of 
which is compared with the former, it is estimated that some of the water 
is lost in the transfer. 

7th. It may doubtless seem questionable to many whether such small 
samples as could be placed in fruit jars can be assumed with certainty to 
represent the average quality of the whole mass of the fuel, since a few 
drops of water, more or less, which might accidentally be introduced or 
excluded would change the percentage of moisture to a serious extent. 

It will probably be admitted by most engineers that one of the most 
admirable reports in print is that on the Lowell pumping engine, in which 
the observed data and the results alone are given, the former being so 
complete that any one can retrace the steps by which the conclusions 
have been reached, and so test their correctness by independent calcula- 
tions. Itis believed that this furnishes a standard by which to measure the 
value of other reports ; in an attempt to reproduce the results obtained 
in the paper under consideration, the present writer first had his atten- 


tion called to the points which have just been enumerated. 
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DISCUSSIONS. 


ON UPRIGHT ARCHED BRIDGES.* 


Mr. James B. Eapvs.—In reviewing the criticisms upon the paper 
before the Society, the author will first notice such as have a general 
bearing upon the subject of bridge building, and afterwards those which 
relate more especially to the merits of the proposed system. 

The principle that, the ‘‘ engineering is best which most fully answers 
its purposes at the least cost,” as expressed by Mr. Welch, is fully recog- 
nized by the author, and it is upon this axiom he bases his belief 
that for spans of considerable length, the system under discussion must 
ultimately supersede every other one now in use. It may, however, be 
inferred from Mr. Macdonald’s remarks that the author is more ready 
to preach than he was to practice in the’ St. Louis bridge the excellent 
axiom of Mr. Welch ; therefore he wil! briefly refer to them, with the 
prefatory remark, that whenever it is necessary to test the engineering 
merits of the design of that bridge by the axiom stated, he will be quite 
willing to abide the issue. 

Referring to the accurate workmanship and expensive material in the 
arches of the St. Louis bridgé, Mr. Macdonald says he doubts if the 
author, ‘will again.adopt this design for the purpose of saving a few 
pounds of metal.”” The inference from this is that ; Ist, the proposed 
system must also in all cases involve the same aceuracy and costly ma- 
terial as the St. Louis bridge ; 2d, that accuracy and peculiar material 
enhanced the cost of that work, and 3d, the design for that structure 
was adopted simply ‘for the purpose of saving a few pounds of metal.” 

The first inference will be shown to be unfounded before closing tliis 
review, and it will be immediately apparent that the second and third 
are not justified by the facts. 

The ribbed arch system, notably illustrated at the time, in the 350 
feet arches at Coblentz, was finally adopted as that on which the design 
should be made, because the entire bridge could be built in conformity 
to the law, and with the requisite strength and capacity for less money 


on that system than on any other, of which the author and his assist- 


ants had knowledge ; and it is scarcely saying too much, to assert that 


* Continued from page 238. 
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this fact was arrived at, through an amount of careful comparative exam- 
ination of various lengths of spans, and corresponding foundativ s, for 
both trusses and arches, and after such a series of laborious investiga- 
tions and study as were never before bestowed wpon any similar work. 
Before adopting the design, satisfactory assurances were obtained 
from practical steel makers, that the requisite material could be supplied 
in perfection, and at less cost per pound for the finished steel than double 
that of wrought-iron ; while the maximum compressive strains it would 
bear with equal safety (27 500 pounds per square inch), were nearly, or 
quite three times as great as could be imposed on theiron. The contract 
price of the steel work delivered at St. Louis, excluding erection, was 15 
cents per pound, and the amount of machine and hand work put upon 
it, after it came from the mills, was less in proportion to the mill prices 
than that usually put on wrought-iron bridge work. The mill price was 
11; cents, delivered in Pittsburgh. Allowing } cent for transportation 
to St. Louis, there were left 3} cents, or about 28 per cent. on the mill 
price for finishing. The tubes and couplings involved the most accurate 
part of the work, while they constituted by far the largest portion. The 
average weight of a tube section and coupling being about 5 000 pounds, 
it will be seen that the contractor received about 3162.50 for finishing 
each ; or about S170 000 for all the tubes and couplings. Although 
unforeseen difficulties were met, as is usual in producing new forms in 
steel and iron, these were all skillfully surmounted by the contractors 
without extraordinary exertions, and Tam quite confident that both the 
mill work and the finishing could be duplicated at these prices to-day 
very readily. If the finished steel had but double the strength, and cost 
double the price of iron, it would be much more economic in either an 
arch or truss. To show why it is so, at these relative ratios of price and 
strength, it is only necessary to refer to the simple fact that the areh (or 
truss) must support itself before it can support anything else. If the 
eurve of the middle arch of the St. Louis bridge were reduced to about 
one-quarter of its present height, and were of wrought-iron, the safe 
limit of strength in the metal would be already reached, and it could not 
support any part it carries, even of the superstructure, without ex- 
ceeding that limit ; whereas if it were of steel of double the strength 
per square inch, and but half the sectional area or quantity were used, 
it would have a surplus of one-half of its strength yet left, and could 
consequently carry with safety a load equal to its own weight. 


By increasing the curvature of the iron arch from this low versed 


sine (of about 11 feet) it would gradually acquire a surplus strength, 


| 
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available for supporting the roadway and live load, as the horizontal 
forces would be lessened by increasing the depth of the arch. But even 
with the versed sine of the centre span (47.5 feet), supposing the al- 
lowable strain on the iron to be 10000, and on the steel only 29 000 
pounds per square inch, the iron would require double the sectional area 
of the steel, and 16 per cent. added to that inereasod area, to equal the 
availuble strength of the steel. But as the steel really bears 27 500 
pounds instead of 20.00) poun ls, it woull require that the iron should 
be doubled and Gf per cent. of this doubled weight or section added to it, 
to possess an available supporting value equal to that of the present steel 
arches. ‘These arches weigh (exelusive of vertical and horizontal bracing) 
nearly 4000 000 pounds. If of iron, their weight must have been doubled 
and had 64 per cent.* of the doubled quantity added to it. In short, they 
would have weighed about 13 000 000 instead of 4 000 000 pounds, Whence 
it is evident the author did not adopt the design simply, ‘‘ for the purpose 
of saving a few pounds of metal,” but to savé several million pounds 

As the contract price of the steel was 15 cents per pound, or about 
3600 000,—and as the work, if in iron, would have cost at least 10 cents 
per pound, or about 31 300 000,—it must be apparent that the steel was 
more economical. The erection of 6 500 tous of metal would also have 
cost largely more than that of 2 000 tons. Besides this, the horizontal 
thrust of each arch would have been increased about 2 009 tons, and this 
would have involved the necessity of a much greater quantity of masonry, 
to resist this horizontal force. It will therefore be seen that there were 
several good reasons for using the more expensive material. 

While the author feels sure he could with his present experience ma- 
terially lessen the cost of the bridge, if it were to be executed again by 
him, he is quite certain he could not do so by making any important 
change in the design, if the ribbed arch were used. No ordinary truss 
system could be so cheap. The only important improvement he can 
suggest upon that design, is contained in the paper submitted. 

If judged by the rule stated by Mr. Macdonald, the design will be 
fully vindicated. He says, ‘‘in most cases the problem of covering a 
given space is best solved, and with the greatest economy, when the cost 
of superstructure about equals that of its supports.” As originully de- 
signed, the substructure (piers and abutments) was estimated at $1540 080, 
which was only $79 662 more than the original estimate for the super- 


* The above figures are only designed to be approximately correct. A careful investigation 
in which all of the clements involved are included, would doubtless 1 lify the percentages 


named. They are, however, sufficiently correct to show the euormous dilfereuce in weight 
between the requisite quantities of iron and steel. 
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structure, or 24 per cent. on the aggregate of both; while the actual 
cost of the substructure was for 


Tools and machinery 290 548.00 
364 455 


34 655.42 


26 


Superstructure, (excluding approaches).............. 


The original estimates were increased by some alterations in the de- 
sign ; which consisted in sinking the east abutment pier to the bed-rock 
60 or 70 feet deeper than was first intended, and in using a large quan- 
tity of granite ashler; also in doing much of the work at night and on 
Sundays, under the delusive hope that the superstructure would be com- 
pleted in the contract time. The cost of superstructure was chiefly in- 
creased by widening the bridge 4 feet, placing an iron wind truss under 
the upper roadway, and making some other modifications in the design ; 
and also largely by extra payments to induce the contractors to hasten its 
completion. Still with all these, the difference in cost of sub and super- 
structure is only about 3 per cent. on their aggregate cost. 

This evidence is not advanced because the author has faith in Mr. 
Macdonald’s rule ; but because it is testimony, which to him may be in- 
teresting, if not convincing. 

The addition of the general items of engineering and contingent ac- 
count proportionately charged ($400 000), will make the actual cash cost 
of the bridge, excluding approaches, as above stated, $4 999 107.68. 

The total outlay as given by the auditor for everything in any manner 
directly connected with the construction of the work (excluding the tun- 
nel and land damages but) including salaries, rents, engineering, steam 
and street railways, gas and water-pipes ; all of its approaches ; losses by 
failure of contractors ; extra compensation and bonuses to expedite the 
work, &c., &c., amounts to $6 680 331.47. 

The additional cost of the bridge aggregating nearly 36 000 000 more, 
consists almost wholly in items of discount, interest and commissions 
on bonds ; charters, legal expenses and similar expenditures, including 
$1 086 000 for real estate and right of way. These have, however, no 
bearing upen a discussion of the merits of the design as an engineering 
question. In judging of its economic merits, engineers should not lose 
sight of the fact that a broad and unobstructed street with its side- 


walks, and roadway for four lines of wheeled vehicles, in addition to two 


lines of steam railways, is carried over exceptionally long openings, and 
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upon unusually deep foundations, the maximum moving load being equal 
to that of three ordinary railway bridges. 

Mr. Shreve says: ‘the paper before the Society appears to be an 
acknowledgment of the ‘disadvantages of the system adopted for the 
superstructure of the St. Louis bridge.’’’ This is an error, and misled 
by it, he falls into several others, in criticising the St. Louis bridge. 
He says: ‘‘suppose the crown to rise, the lower tube if relieved 
of compression at the abutments, would not be strained at any point. 
Bracing beneath a parabolic arch uniformly loaded, can receive no 
strain and is useless, and if the curve of the tube considered is not a 
parabola, it is so near it that the strains, which are transferred by the 
braces to the lower tube are too small to be noticed. The conclusion is 
unavoidable that the upper tube at times must bear the whole load, and 
even more, for the tubes ‘are rigidly held to the abutments by anchor 
bolts,’ and a large extra amount of strain is in this manner brought upon 
the loaded tube.”” When cold causes the crown of the arch to be de- 
pressed, he declares that then ‘‘ the lower tube must just as surely take 
the whole load, and the upper one be useless.”’ 

Mr. Shreve suggests a modification of the ribbed arch by which this 
supposed alternate imposition of the entire load upon the upper and 
lower members can be avoided. As the diagram with which he illustrates 
this furnishes a very convenient means of demonstrating lis errors 


respecting the St. Louis bridge, it is reproduced with modifications. 


This diagram differs from the St. Louis arches in having a section of 
the lower tube omitted at the centre and at each abutment, and in 
having the upper tube jointed at the centre and at each abutment. 

Increase of temperature will cause the arch to rise. This will shorten 
the central space in the lower tube. If the omitted central section were 
in place when the arch begins to rise, it would evidently be compressed ; 
and if the temperature were sufficient, the entire compressive strain 
would certainly be taken off the central joint in the upper tube, and 


be transferred to the restored section in the lower one. No com- 
pression could come on the lower tube at the abutments if the omitted 
sections there were restored, as the rising of the arch would increase 
those spaces. The whole load would, therefore, be still sustained at the 
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abutments by the upper tube, but by the lower one at the centre. Mr. 
Shreve thus falls into another error in supposing that ‘the lower tube 
if relieved of compression at the abutments, would not be strained at 
any point.” 


If the omitted sections at the abutments were restored and the arch 
were depressed by cold, the compression, which in the preceding case 
existed in the lower tube at the centre, would be transferred (in propor- 
tion as the depression increased) to the central joint in the upper tube ; 
while the compression in the upper tube at the abutments would be 
taken off, and be transferred to the lower one at these points. Mr. 
Shreve is, therefore, a third time in error in supposing that when the 
crown of the arch falls ‘*the lower tube must just as surely take the 
whole load and the upper one be useless,” because the whole load is 
then sustained at the centre of the arch hy the upper tube. 

The centres of pressure in these two opposite cases would alternately 
follow the dotted lines ABC, and DEF. Greater extremes of tem- 
perature would throw these lines at the centre, above and below (or out- 
side of) the arch, and /ension would thus be created in the middle of that 
tube which would be in compression at the abutments.* Where these 
lines of pressure intersect each other in the haunches of the arch, the 
load must always be borne in nearly equal portions by each tube. In 
these parts of the arch it can never be imposed upon one tube alone. 
Hence Mr. Shreve falls into a fourth error when he declares that ‘* each 
tube must contain a quantity of material suflicient to resist the strains 
eaused by a full load.” 

Extremes of temperature are thus shown to cause in the tubes great 
alternations of pressure only in the crown and near the abutments ; and 
these extra pressures can only exist at the same time in the crown of one 
tube and the abutments of the other, and rice rersa. They result from 
temperature in the metallie ribbed arch, whether its curve be parabolie, 
circular or elliptic, and whether uniformly loaded or unloaded ; and they 
san only be transferred from the ends of one tube to the crown of the 
other by the bracing. Hence Mr. Shreve makes a fifth mistake when he 
asserts that ‘* bracing beneath a parabolic arch uniformly loaded, can 
receive no strain and is useless.” 

There is no difficulty in determining the location of the centre of 
pressure in any part of the ribbed arch under the different conditions of 
load and temperature, when the moduli of elasticity and of expansion by 


heat are known ; and hence there need be no uncertainty in proportioning 


* This tension can never occur in the St. Louis bridge, owing to the initial stress caused 
by the weight of the superstructure, 


each tube to bear its part of the maximum pressure, even if its ends be 
bolted to the abutments. Mr. Shreve, however, thinks there must be, and 
declares as an axiom that ‘a plan in which such anbiguity of strains 
obtains is sufliciently defective to be rejected without further examina- 
tion.” His plan of investigation seems, however, to have escaped the 
crucial test of his axiom, for its results are not without considerable 
“ambiguity,” inasmuch as they lead him to commit a sixth error in 
declaring that ‘“ the strains which are transferred by the braces to the 
lower tube are too small to be noticed,” when in reality, with a full load 
and maximum temperature, these strains will equal about 5 000 tons in 
any one of the arches he has criticised. 

Mr. Shreve makes a seventh mistake, in assuming that 25 per cent. 
should be added to the material of the tubes over what would be required 
if the same material were used in tension. The ratio of length to diameter 
in compression members, is too important an element to be thus lightly 
considered. The character of the material must also be taken into 
account. A prudent engineer would not trust cast-iron in tension 
with half the strain he would allow in compression, provided the ma- 
terial were in the form of a tube 6 or 8 diameters in length. The 
east-steel in the tubes of the St. Louis bridge will bear safely much more 
in compression in its present form than it could possibly do in tension. 
Hence the extra 25 per cent. assumed by Mr. Shreve is wholly erroneous, 

The dotted lines G, G, plac d below the lower segments in the 
diagram, by which the eurves of these segments are reversed, wall 
at once show that greater resistance under partial loading will result 
if the depth of bracing be increased by thus reversing the curvature of 
these members. Thus modified they will closely resemble the counter- 
arches suggested by the author, and exact calculation will demonstrate 
that in proportion as they approximate them in form, the economy of the 
structure will be inereased. Referring to the jointed halves of lis dia- 
gram, Mr. Shreve says; ‘* that the greatest tension the lower are of 
either segment is when that segment alone is fully loaded, is self-evident.” 
This constitutes My. Shreve’s cighth mistake. Exact calculations show 
that this is neithertrue of the rigid arch, like those at St. Louis, nor in 
one with three joints like Mr. Shreve’s illustration. In both cases greater 
tension will oceur in the lower members when the maximum load per foot 
has advanced so as to cover either three or five-eighths of the entire 
span. This fact is shown graphically in Fig. 14, accompanying the paper. 

Mr. Shreve attempts to demonstrate that 57 per cent. of the 


material used in the St. Louis arches would have accomplished equal 


results with ordinary horizontal trusses ; whereas it is really beyond the 
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power of any one to show that thrice 57 per cent. of it, could accomplish 
any such thing.* He closes his criticism of the St. Louis bridge with the 
remark that ‘‘ engineers are likely to be satisfied, for the present genera- 
tion at least, with what has already been done in the construction of 
steel arches.” This corollary is certainly sustained by his method of 
expounding the principles involved in them. 

Maj. Pope makes an admirable presentation of the apparent theoreti- 
ral and practical advantages of the suspended arch over the upright one. 
But in doing this, he makes out a stronger case against the horizontal 
truss system which he advocates, than against the one under discussion, 
as we shall presently see. In his comparison, between the two systems of 
arch construction, it must be manifest that every objection urged against 
the arch applies equally to the bow-string girder; which is simply an 
arch provided with a chord instead of abutments, with which to resist 
the horizontal forces. Whether these forces be resisted by the chord or 
by the abutments, the necessity of maintaining the integrity of the 
plane of the arch is equally and absolutely imperative. If we reverse 
the arch in the bow-string girder, we reverse the strains, and have to all 
effects and purposes, a suspended arch, as much so as if back chains and 
anchorages were substituted for the compressive chord. In one case the 
centre of gravity is above the points of support and in the other below. 
As it is necessary to brace all bridges against lateral forces, so as to make 
them practically immovable, no more bracing can be needed for the bow- 
string girder whether the centre of gravity be vertically above the points 
of support or vertically below them. The element of gravity cannot 
come into play to increase the strains on the bracing in the one case, nor 
to decrease them in the other, so long as the plane of the arch re- 
mains vertical and the centre of gravity is in that plane. If we are 
dealing with structures that are to be permitted to sway from side to 
side, the case will be quite different. In such event the suspended arch, 
and trusses of the Fink type, may do with less lateral bracing than the 

* I will state for the benefit of those whe desire to investigate this subject, that one arched 
rib of the centre span at St. Louis (exclusive of lateral bracing) weighs 490 342 pounds. Of 
this, 328 286 pounds are in the tubes (including bands and couplings). The tubes are all of 
cast-steel, tested to 55 000 pounds per square inch without permanent set, and the highest 
maximum strain they must bear will not exceed 27 500 pounds. The remainder of the rib is 
of wrought-iron, the allowable strains on which are 10 000 pounds per square inch. Four of 
these ribs constitute the span. The total dead load of the span is 8 000 pounds, and maximum 
live load, 6 400 pounds, per linear foot. The clear span is 520 feet, and the versed sine 47.5 feet. 
The upper roadway is an unobstructed street, 54 feet in extreme width, with double line of rail- 
way below. Allowable tensile strains in wrought-iron carrying the railways, 5 000, in other 


wrought-iron 10 000, and in steel 20 0@0 pounds, per square inch. Any other data that may be 
desired will be cheerfully given. 
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upright arch or upright truss, but not otherwise. This fact must be evi- 
dent on reflection. It is only when the bridge is permitted to sway 
to the one side or the other that the gravity of the structure can be made 
available to lessen the strains on the lateral bracing. Whenever we as- 
sume that no swaying shall occur, we must assume that the element 
of gravity cannot enter into the calculations which determine the strength 
of the lateral bracing. 

It being a fundamental condition that oscillations shall be reduced 
practically to zero in first-class bridges, the advantages of gravity claimed 
by Maj. Pope for the suspension bridge falls likewise to zero. It is 
only during erection that the effects of gravity involve greater care, and 
in all cases, probably somewhat greater expense, in the upright arch or 
truss, than in the suspension bridge. But it is questionable whether we 
can safely trust lighter lateral bracing even in a structure that is permit- 
ted to oscillate ; for the momentum incident to the vibration may cause 
the destruction of the bracing before the opposing element of gravity is 
brought sufficiently into play to save it. 

The bow-string girder being simply an arch, with a chord instead of 
abutments, it is evident that to insure equal perfection, security and 
stability for its compressive member, there must be precisely as accurate 
workmanship, equal care in proportioning the length and diameter of its 
individual parts, and the same amount of lateral bracing as though 
its horizontal forces were resisted by abutments. The question then 
naturally suggests itself, if these are fatal objections in a bow-string 
girder, wherein does the horizontal upright truss differ from it so much, 
that its compressive member can have less accurate workmanship, less 
regard for the relation of length to diameter in fixing the sizes of its 
various parts, and less lateral bracing to retain it in its upright position. 

Maj. Pope says: ‘‘ Each rib is by itself utterly helpless, even to carry 
its own weight, and must, therefore, be connected with other ribs by an 
elaborate and expensive system of lateral bracing. Its construction must 
be tubular, or rectangular, or of some similar form suitable to resist 
flexure, and all such forms are expensive. It abounds in joints, each one 
of which must be carefully and perfectly fitted. The lateral bracing 
must be so complete as to thoroughly secure the various ribs at intervals 
of not greater than ten or twelve diameters. To erect it in place is a 
difficult and dangerous task. The centre of gravity is high relatively to 
its base, and, consequently, the forces of nature act against rather than 
with it.” The author is unable to discover in this attempt to point out 


the disadvantages of the upright arch, a single item which does not as 


well apply against the system Maj. Pope is defending. 
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Engineers do not need to learn that in resisting equal compressive 
strains in any truss system, it is necessary to observe the same laws in 
proportioning the sizes of the members and their sectional forms, and 
that there is the same need of aecuracy in adjusting their bearing sur- 
faces, as if they were to be used in an arch. In every horizontal system 
of trussing, where the points of support are beneath the centre of 
gravity, it is just as imperative that the vertical plane in which the rib 
stands, shall be preserved, as if the rib were an arch, and that it is as 
helpless until braced to its mate. To retain the arched rib, or the hori- 
zontal one in place, the resistance to lateral motion must be found at 
the points of support below the centre of gravity, and Messrs. Pope and 
Clarke, who question the economy of the lateral bracing required in the 
proposed system, surely will not challenge these propositions: 

Ist. With a given base, the greater the height at which the compres- 
sion member of a truss is held, the greater will be the bracing required : 

2d. The greater is the /ength of the member held ata given height, the 
greater will be the bracing required; and 

3d. The greater is the weight of the member held at a given height, 
the greater will be the bracing required ;—in each, all other conditions 
being equal. 

Now, it is incumbent on those who assume that the upright arch sys- 
tem proposed cannot b> so cheaply braced laterally, to show what con- 
ditions exist in the truss system which overbalance the advantages the 
arch possesses by virtue of these axioms ;— 

Ist. The truss must have equal height with the arch for economy. 

2d. The length of the member held at the greatest height in the truss 
is much more than in the arch. 

3d. The weight of the portion of the member held at the ereatest 
height in the truss is much greater than in the arch, for three reasons— 
first, that portion is much longer ; second, the section of the truss is 
greatest in the middle, while that of the arch is least in that part ; third, 
the weight of the truss being greater than the arch with its chord in the 
proposed system, the compression member of the truss must bear the 
weight of a heavier chord, and hence must have greater section at its 
centre on that aceount. That the wind bracing of the truss is really 
more expensive must, therefore, be evident. 

When the fact is recognized that, in metal arches, the lengths of the 
individual members composing the arch should be straight, and not 


curved from joint to joint, these members can be of any form of section 


used in any of the truss systems, and they may be of cast or wrought- 


iron, riveted plate, angle or channel bar, or of any form of iron or steel 
suitable in any truss of equal dimensions, the objections urged by Messrs. 
Maedonald, Pope, Clarke and Nickerson will apply with equal foree 
against every truss system in existence. Whether the members are 
butted against each other at the joints, seeured by couplings, riveted 
together or held by any other proper method, there is no more excuse 
for permitting inaccurate workmanship in the truss than in the arch, nor 
can it possibly be shown that there is less danger from inaceurate 
joints in the truss than in the arch. In the ribbed arches at St. Louis 
the case was unusual, because two long lines of tubes were extended 
from skew-back to skew-back, parallel to each other, only 12 feet from 
centre to centre, to form a rib, and the individual members were only 
about 12 feet each in length. It will be apparent that if a straight truss, 
520 feet long and 12 feet deep, were required, that equal accuracy would 
be needed in each piece, and that if the truss were four times the depth, 
and each piece two or three times as long, less accuracy would be 
required, Still nothing more aceurate than ,})-inech was demanded in 
fixing the lengths of the members, and this is but little more than the 
y-inch admitted by Mr, Nickerson to be easily attainable. The ribbed 
arch, owing to its shallow depth of trussing, does involve more accuracy 
than deep horizontal systems ; but the system proposed is not the ribbed 
arch. In all bridge factories, tools are provided by which the ends of 
compression members are cut to any required angle, with accuracy and 
facility, so that the different members in the arch, each being, as it 
should he, straight, the manufacture per pound for the one kind of 
structure should be no more costly than the other. The difference per 
pound, on the system proposed will be unobjectionable. 

In all truss bridges where the points of support are below the centre 
of gravity, the lateral strains in the top members are transmitted either 
wholly through the end struts by virtue of their stiffness, to the points 
of support at the ends of the truss; or else partly by these struts and 
partly by the intermediate ones, down to the floor-system, and thence by 
that system to the ends of the truss. This being the fact, and it being 
true that the compression members of the arch at the ends can be 
straight and stiff, just as well as the end struts of the truss, and that 
they incline atan angle by which the distance to the floor-beams is much 
less than in the end struts of the truss, and therefore more easily braced 
from the floor system, and that two-thirds or two-fourths of the length 


of the arch is much nearer the floor system than is the compression 


member of the truss; the author is at a loss to comprehend how any 
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engineer, who fully understands the system of lateral bracing in the draw- 
ings, or the facility which the greater proximity of the arch to the floor- 
system gives for any other reliable and economic arrangement of lateral 
bracing, can question the ease and cheapness with which this bracing can 
be provided. 

Maj. Pope and Mr. Clarke both evidently misapprehend this matter, 
which is partly owing probably to an inaccuracy in one of the drawings. 
The sectional views of the bridges, however, show that there is no neces- 
sity for the roadways being obstructed by the bracing. Maj. Pope is 
mistaken in supposing that the chords are simply suspended from the 
arches. They are secured to the arches—in addition to the suspension 
rods—by vertical struts at the centre of the arch and midway between the 
centre and the ends of the arch, as will be seen on the drawings. Be- 
tween these points their weight and that of the roadway should prevent 
them from rising, as they are perfectly straight, and are held from de- 
scending at the intermediate points by the suspension rods. Introducing 
more struts would not add to the cost, as they act as suspenders. The 
floor system, however, being thoroughly held vertically, and strongly 
braced laterally, as is shown by the drawings and tables, would not be 
quite ‘‘as limber as a whip-lash.”” The compressive strains to be borne 
by the chords are as safely provided for as in the top members of any 
railway trusses that are built. In both designs the lateral floor bracing 
is very thorough and ample. 

Mr. Clarke assumes that a platform merely suspended from an arch, 
must sway from side to side under a passing load. He says: ‘‘ horizon- 
tal bracing alone will not prevent lateral motion, for the lower chord 
being in tension will vibrate like a stretched string.”” These views seem 
strange to the author, inasmuch as they are advanced in defending 
a system of bridge-building in which on every through bridge, the plat- 
form carrying the railway is also suspended from its compression 
member, and has its chords in tension. Mr. Clarke says; ‘ it 
is necessary to connect the floor by rigid angle bracing with the 
upper chord, which being in compression never leaves a straight 


” 


line.” The author is at a loss to understand by what law it is assumed 
that in tension a long member is more likely to leave a straight line, than 
when in compression. It would follow by this reasoning, that if each 
were released from its lateral system of bracing, the member in com- 
pression would be the last to leave the straight iine, whereas the con- 


verse is true. Mr. Clarke has here evidently failed to make himself 


clearly understood. The fact is, the floor system in the through truss 
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bridge has its chords in tension, while in the Fink truss it has its chords 
in compression, and the wind truss of the St. Louis bridge, under 
the upper roadway, has its chords in neither tension or compression. 
This shows that in either condition the chords are available for bracing. 
Certainly, the simplest way to secure a platform against lateral move- 
ment, is to extend a system of lateral bracing in a horizontal plane, 
directly between the two opposite points of support, and at these points 
to secure the system to the chief supporting members of the strue- 
ture, and thus make its gravity an element of stability for the inter- 
mediate roalway. Mr. Clarke’s argument would lead one to suppose 
that it were better to throw up 4 posts 18 or 20 feet above this platform, 
and then having these strongly braced against lateral motion, extend a 
horizontal system of bracing between them, and from this stilted sys- 
tem at intermediate points, send down struts to the platform below 
and thus ayoid the simple and direct horizontal bracing between the 
points of support ; or else assist the latter to do what it could much more 
economically do without the help of its lofty coadjutor. Mr. Clarke 
adds: ‘* if this were done in the bridge proposed by the writer,” (that is, 
‘connect the floor by rigid angle bracing with the upper chords’) some of 
the economy of material claimed for it would disappear.” This is certainly 
very true, but to the author it would seem as unnecessary as to hold the 
ground floor of a rope-walk by means of rigid angle bracing with the 
roof above it. Thestructure which is raised above the roadway, whether 
it be atruss or an arch, is put there solely to secure the roadway against 
vertical movement. Lateral bracing is absolutely necessary to preserve 
its position against the effect of wind and vibration. When this is pro- 
vided, every additional lateral strain that is thrown upon it by the road- 
way beneath, must involve the use of more material to transmit that 
strain up to the top chord, and through it to the end posts, and then 
down again through them to the points of support, than would be re- 
quired if that strain were transmitted to those points in a direct horizon- 
tal plane. This must be so evident to the distinguished engineers 
(Messrs Pope and Clarke), who have discussed the question of the lateral 
stability of the proposed system, that further argument is unnecessary. 
As nothing can be more evident than that the horizontal plane be- 
tween the points of support is the most economic location for lateral 
bracing, it follows that by rigid connections from bracing located in this 
plane with the structure above it, any lateral forces affecting the stability 


of the members above can be more economically brought down to this 


system, and transmitted through it to the points of support; than is pos- 
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sible by reversing this order of bracing. It follows, too, that the less 
distant the upper member is from the lower system of bracing, the more 
directly and economically can the strain be brought down to it. 

The author claims that the economy and facility with which lateral 
support can be imparted to the arch through the wind bracing of the 
roadway are advantages possessed by this system over that of the hori- 
zontal truss systems. Maj. Pope says, however, that where the lateral 
floor bracing is weakest in this system is just where it needs the greatest 
strength, if it be required to support the ends of the arches where the 
bracing between them is intermitted on account of head room for the 
locomotive. Is not he forgetting the difference between the chords and 
the system of vertical arch bracing proposed, and that of the ordinary 
truss systems ? The horizontal forces of the arch are all, by its peculiar 
bracing, thrown directly on to the chords at the ends, consequently these 
strains require the chords to be of uniform section throughout, and for 
this reason they are not like ordinary truss chords, weaker at the ends of 
the truss, whilst the lateral bracing between the chords in this, like any 
other truss, is not the weakest at the ends, but the strongest there. 

Mr. Whipple’s theoretical comparison of the economy of the lever- 
disks and chord arrangement suggested, seems to the author not ex- 
actly fair, inasmuch as he bases his conclusions on the fact that the chord 
of a bow-string girder braced between chord and arch by uprights and 
diagonals resists but 39 per cent. of the strain upon the whole material of 
the truss. From this basis he proceeds to estimate the saving by the 
chord system proposed, which is incorrect, for the reason that the arch 
proposed is braced in a much more economic manner against unequal 
loads, than in the ordinary bow-string girder, and this enables the chord 
to be lighter, which in turn diminishes the weight of the arch. Again, 
the chord in the proposed system resists a// of the horizontal forces of the 
arch, and therefore it constitutes much more than 39 per cent. of the 
resisting material, if the lever-disk system is not used. But if it be used, 
the chord will receive but one-half of the entire thrust of the arch, and 
thus when it saves half of the weight of the chord, there is an addi- 
tional saving in the arch itself by being relieved of this much dead 
weight. It is evident, then, that in such a comparison, the system 
should tirst, receive credit for a reduction in the weight of the arch itself, 
due to a more economic bracing against unequal loading, and second, 
for the additional saving of material in the arch resulting from being 


relieved of half the weight of the chord, both of which seem to have 


been overlooked by Mr. Whipyle. 


I 


333 


In this connection the author will state, that detail plans for a bow- 
string girder on the system proposed, 517 feet between the end pins of 
the chord and with one-eighth versed sine, were carefully prepared under 
the direction of Col. Flad, to determine a wager that this truss would 
weigh less than fvro-thirds of the weight of a horizontal truss to carry the 
same load (2 500 pounds per linear foot) over the same length of span, 
using the same kind of material and with equal safety ; and to be one of 
a design used in several of the longest span bridges in this country. 
The weights, strains, &c., of the horizontal truss were to have been 
supplied 12 or 15 months ago, to determine this wager, but this has 
not yet been done. This bow-string girder, including everything, weighs 
3 100 pounds per linear foot ; the arch is of steel, to bear 20 000 pounds 
per square inch ; all the other parts are of wrought-iron, including the 
chords, which take the entire thrust of the arch. 

It will certainly be interesting to the profession to know whether the 
author would win or lose this wager, under the decision of a designated 
umpire who stands in the front rank of bridge engineers and by whom 
all questions of safety, details of calculations, and proper proportions of 
members are to be examined and revised, and the question of total 
weight decided, in the event of the decision of Col. Flad being chal- 
lenged. Perhaps the simplest way of determining the question of econ- 
omy in the proposed system of bracing the arch under partial loads, will 
be for those who deny its existence to submit to the Sc wiety the details and 
weights of a horizontal truss of 517 feet span on the above data, and show 
how nearly it approximates to 3 100 pounds per linear foot in weight. 

Engineers who object to this system on the ground that * great in- 
crease in lengths of span generally seems unnecessary,” lose sight of the 
fact that if there can be great economy attained in long spans by this 
system, the cheapening of shorter ones by it must be admitted, 

With reference to steel in bridges, it would seem that where its advan- 
tages are so plainly manifest as they have been shown to be in reviewing 
Mr. Macdonald’s remarks, it is the duty of all engineers to encourage its 
use in the construetion of bridges, roots, &e¢., in preference to iron. The 
author is confident that if such were given, it would not be long before 
a quality would be supplied at moderate prices which could be easily 
worked, and be reliable in tension as well as compression for strains 
three times as great as the wrought-iron usually put into bridges. Steel 
may be considered as iron more highly refined, hence it would seem that 


a structure where weight is such au important element of cost, every 


rat 


couragement should be given to j) roduce the most superior material. 


If this were done, the demand would soon induce a competition that 
would reduce the present cost. 

Mr. Clarke makes an objection to the bow-string girder because 
‘practice has shown that the deflections on a bow-string girder are 
very great at each end, owing to the want of height of the truss at these 
points.” This fact the author is inclined to believe is by no means well 
established. If may result from defective designs, and may be partly 
imaginary. The proposed system, however, enables the fault aftirmed 
by Mr. Clarke to be economically overcome in a manner not possible 
with the ordinary bow-string. In it, owing to the loss of economy in 
long compression members, the height of the truss is kept down in spans 
of important lengths, but in the system under discussion a versed sign of 
one-sixth or one-seventl: will be found to be among the most economic 
proportions for ordinary lengths that can be given, which will greatly 
increase the depth at the ends. If this deflection exists in ordinary 
bow-string trusses to the extent claimed, it results more from the manner 
of trussing with verticals and diagonals between the arch and chord, than 
from want of depth. The method proposed, distributes in a manner 
quite different, the strains from unequal loading through the action of 


the inverted arches, and prevents the objectionable deflection. 


ON THE EFFICIENCY OF FURNACES BURNING WET FUEL.7 

Mr. Cuartes E. Emery :—I desire to express my pleasure at the very 
thorough manner in which the subject has been discussed. The meays 
adopted for obtaining the temperature of the uptake are novel, andin my 
opinion as well calculated to give accurate results, as by the use of ther- 
mometers, pyrometers, &c., of the class ordinarily sold. 

Prof. Thurston is, however, mistaken in the supposition, which the 
words of the paper imply, that a calorimeter was first used for testing 
steam boilers at the American Institute trials of 1871. The advantages 
of the system were pointed out by Mr. B. W. Farey, of England, in 
‘Engineering,’ Sept. 17, 1868,¢ and an account illustrated by draw- 
ings, given of practical experiments made with such an apparatus. By 
his system the boiler and engine were both tested at the same time, the 
feed-water being measured in tanks before it was pumped into the boiler, 
and the quantity of water from condenser ascertained by the use of a 
weir on the edge of a tank provided with battling screens to regulate the 


velocity of approach. Indicator diagrams and records of the tempera- 


+ Continued from page 318. ¢ Vol. VI, page 58. 
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ture of the water from condenser were taken at the same time. By these 
means the number of heat units supplied to water in boiler was ascer- 
tained ; also, the number required per unit of power in the engine. 

This method of testing is designated by ‘ Engineering” the 
*Farey and Donkin” system, and trials made in accordance therewith 
have, several times during the past few years, been described in the 
columns of that journal. 

Mr. John Pinchbeck, also of England, appears, however, to have 
used the principle before Mr. Farey gave it such publicity, he having 
actually weighed the water from condenser in a large tank.* 

The value of a calorimeter in determining the evaporative efficiency 
of different boilers tested in competition will be universally acknowledg- 
ed. It willbe found also very useful in making experiments with engines 
taking steam under different conditions from the same boiler. In 1869, 
when in charge of the steam-engine trials at the American Institute Ex- 
hibition, I pointed out by computations founded on the terminal pres- 
sures from indicator diagrams that the ‘ percentage of moisture present 
in the steam” was 20.53 for one engine and 9.01 for another, steam being 
furnished from the same boiler in both cases; such result being par- 
tially dne to differences in the management of the boiler.+ 

Shortly after this, Mr. Leicester Allen designed a modification of the 
ealorimeter originally used by Regnault and others in determining the 
properties of saturated steam, which he proposed to use for ascertaining 
the quantity of moisture carried over with the steam from boilers in 
practical use, by blowing into the apparatus small quantities of steam 
from time to time, and thus ascertaining the quality of steam ‘by 
sample,” so to speak. 

In the boiler trials at the American Institute in 1871, referred to in 
the paper, Prof. Thurston’s apparatus condensed all of the steam, as in 
the Farey system, but a surface condenser was employed and the con- 
densing water measured with meters. 

In ordinary cases where the work is uniform, I think it quite sufficient 
to test by the calorimeter, portions of the steam supplied by the boiler. 
In October, 1875, [ put in use a simple calorimeter, somewhat like 
that referred to in the paper, using, however, a wash-tub instead of a 
barrel, and a coil of iron pipe instead of a hose. A flat piece of wood, 


use.l as stirrer, in connection with the spiral shape of the coil, served to 


* Engineering, Vol. VIII, page 2s, 


} Superintendent's Report, Transactions American Institute, 1869-70. 
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keep the temperature of the water uniform. I find, however, that I 
used a formula to obtain the results somewhat simpler in form than that 
given in the paper. As it may be of interest, it is here reproduced, 
using, as far as possible, the same characters as in the paper : 

Let U = total number of heat units imparted to water ; ¢= number 
of heat units transferred per pound of water added; L = latent heat of 
steam at observed pressure ; W = weight of steam and water added, and 
= weight of steam added, then W — .¢ will equal amount of moisture 
present with the steam. Now the whole of the steam, together with the 
moisture present in the same (WW), transfers to the calorimeter the num- 
ber of heat units (/) corresponding to the difference in temperature of the 
original steam and that of the water in calorimeter at the close of the 
experiment. The steam added (.c) transfers also its latent heat (1) to the 
calorimeter, so 
U— we 


Wt+Lz=Uand «= L 


Errata.—On page 254, for the second table read the following :— 


DEFLECTION (INCHES) AT 
CENTRE OF 


Rib A. Rib B. Kib C.| Rib D. 


2.48t 1.84t 


-8t 


Span I 


10* 492 


* Did not cover whole span. + Loaded rib ¢ Rib partially loaded. 
On page 286, fourteenth line, for ‘212 500,” read **215 500” ; six- 
teenth line, for ‘*333 700,” read ‘*339 700”; at beginning of seventeenth 


line, insert ‘‘ whence 3 397000 pounds”; and in twenty-fourth line 


omit ‘‘it can be.” 


Loap (allowing 15 Tous for each Tender). Po 
PLACED ON MIDDLE OF 
TIVES. Tons. 
7 334 South Track of Span III ........ p | 1.337 0.83t J | 

14 3.048 | 2.892 2.616] 3. 

350 | South « * 
334 North | 
14 ........| 3.44 3.89 3.92 
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TRANSACTIONS. 
Nore.—This Society is not responsible, as a bo ly, for the facts ard opinions advanced in any 
»f its publications, 


MEMOIR OF THE CONSTRUCTION OF A MASONRY DAM, 
A Paper by J. James R. Crogs, C. E., Member of the Society. 
FOR WHICH THE NORMAN MEDAL WAS AWARDED 


NOVEMBER 41TH, 1874.* 


Pretimiany.—? 1. The dam described in the following paper was 
constructed on a branch of the Croton river, in Putnam county in the 
State of New York, by the Croton Aqueduct Board, the department of 
the government of New York city which was charged with the coustruc- 
tion and maintenance of works for the supply of water to the city. 

22. The object of the dam was the creation of a reservoir for storing 
water to supply the deticiency in the daily yield of the stream, which 
existed during the summer months of dry years, the minimum flow being 
not more than four million cubic feet per day, while the consumption had 
reached double that amount, and was rapidly increasing. 

23. The necessity for artificial storage reservoirs had long been fore- 
seen by Mr. Alfred W. Craven, the chief engineer and a member of the 
Croton Aqueduct Board since its organization in‘1849, and in 1857-58 he 
had caused a topographical survey of the water-shed of the Croton river 
to be made, with a view to determine available sites for such reservoirs. 
The survey showed that fourteen such sites existed ; but not until April, 
1865, was the requisite authority procured from the Legislature to con- 


struct a storage reservoir. 


* The Board of Censors in awarding the prize of the Norman Medal of 1874, to this paper 
on ‘The Construction of a Masonry Dam,’’ wish it to be understood, that such decision 
must not be considered as the expression of an opinion on their part, as to the correctness of 
the views entertained by the author, but that the paper, in the treatment of the subject, serves 
as a model in their judgment for the class of papers, the production of which, it was the inten- 
tion of the founder of the premium to encourage. 


J. W. ApAms, Pres. American Society of Civil Engineers, 
F. A. P. Barnarp, President Columbia College, - Board of Censors. 
J. G. BaRNARD, Colonel of Engrs., Brt. Major-Genl. U.S. A, \ 

November 4th, 1874. 
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24. Nearly a year was consumed in careful examination and com- 
parison of sites, and on March 17th, 1866, it was determined to build a 
reservoir at Boyd’s Corners on the west branch of the Croton, 23 miles 
by the course of the stream from the Croton Dam, where the aqueduct 
begins which conveys water to the city. 

25. The reservoir as constructed here, has a water surface of 279 acres, 
a maximum depth at the dam of 57 feet, a mean depth of 30 feet, and a 
sapacity of 364,000,000 cubic feet. 

46. At the site selected for the dam, the hills enclosing the valley ap- 
proach each other, leaving at the level of the stream a space of only 200 
feet in width, and at 70 feet above the stream, 700 feet. The centre line 
of the dam is at right angles to the axis of the valley at this point, and 
bears nearly north-east and south-west. 

27. The north-easterly hill-side was covered with large slabs of a very 
compact and tine and even-grained gneiss, piled one upon another, vary- 
ing in thickness from 6 to 60 inches. The rift of the stone was at right 
angles to the bed on which it lay; the slabs were at an angle of 10°, 
and the general slope of the hill was 16) >. The ledge underlying the 
slabs was of much the same character, but not quite so fine grained. The 
general surface was smooth, and sloping at the inclination of the hill. 
Oceasional seams were found to run in nearly horizontally, from 5 to 20 
feet, then apparently terminating abruptly. The surface slabs made 
excellent stone for cutting where they were of sufficient thickness to give 
the requisite beds: [Tt was found impracticable to quarry out of the ledge, 


good stone for cutting 


68. At an clevation of 15 fect above the stream, the rock was overlaid 
with about 10 feet of drift, or compact gravelly earth, containing about 
ten per cen of its bulk of large boulders ihe flat ground through 
which the stream flowed was swampy on the surface, underlaid by some 
blue clay, beneath which was a mass of loose boulders and cobble stone, 


which was siceeeded by coarse gravel and sand which extended to the 


rock, and through which a considerable amount of water percolated. 

29%. The south-west hill, rising at an angle of 22-, was composed of 
compact gravel and boulders, overlying a very fine grained unstratified 
hard blue rock. The surface of this rock was smooth, but its profile 
irregular andin benches. It lay at a depth of from 5 to 15 feet below the 
surface of the ground. In the centre of the valley the two classes of rock 


se-med fused together, no marked seam separating them. The rock 


here was 18 feet below the stream level. 
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210. No dam at this place could be made safe or water-tight, without 
removing all the natural material and founding the structure on the rock. 
All the earth within a mile of the dam site contained so large a propor- 
tion of boulders and coarse gravel as to render it unfit for water-tight 
embankment, except at enormous expense for separating and screening 
out the stone. An earthen embankment would have demanded for safety, 
a tunnel through the rock of the hill-sides for the discharge-pipe at the 
stream level, and a rock cut of some 15,000 cubie yards in the hill-side at 
flow line, for waste water. 

211. The stream was liable to sudden and severe freshets which could 
not be prevented trom overflowing the dam during construction. Such 
a freshet would necessarily destroy a partially completed earth embank- 
ment. 

412. An abundant quantity of stone of excellent quality lay on the 
hill-sides within a short distance of the dam site. 

213. These considerations led to the decision that the dam should be 
of masonry. Below the level of the stream, the foundation is composed 
of concrete in which are imbedded large unwrought stones. Above the 
stream level, the concret: hearting is faced on both sides with coursed 
stone with cut beds and joints ; for 15 feet above the stream, large un- 
wrought stones are imbedded in the concrete ; and above that elevation, 
the hearting is entirely composed of concrete of small stones. 

Form anp Srasinrry.—Z 14. The form of a trapezoid with a vertical 
face opposed to the water, was adopted, as affording the requisite 
stability with the least amount of material and least difficulties of con- 
struction. The form and dimensions of the wall are shown in Fig. 1. 
The notation used is as follows : 

h = height of wall, or distance from top to any bed joint. 

a = top width of wall. 

x = angle of inclination of face of wall, to the vertical. 

6 = width of wall at any bed joint at the distance 1 below the top 
a-+h. lan. 

d = horizontal distance of the centre of gravity of the section of the 
wall, from the vertical face. For a homogeneous wall of this form, 

d=4t(at7 4 i): 


h 
P = pressure of water on the vertical face = >- when the weight 
2 


of a cubic foot of water is taken at unity. 


6 = specific gravity of the material of the wall. 


> 
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Oh 

weight of wall= (a+ d). 

© = angle of inclination to the vertical of the resultant of pressures, 
P 


m = ratio which the distance from +he exterior edge of the bed joint 


lan, @ 


to the point where the resultant of pressures intersects that joint, bears to 
d+ ih. tan. @ 

the whole width of the joint or 4; .*. m= 1— . ‘To insure 

there being no tension on any part of the bed joint, m must not be less 

than 0.333.* In practice, English engineers are said to adopt as a safe 

value m — 0.125, while the French engineers adopt the limit m — 0.2. 

In the calculations for this dam, the limit is taken m > 0.25. 

a = ratio which the deviation of the centre of pressure at a bed joint, 
from the perpendicular let fall from the centre of gravity, bears to the 
whole base. This ratio is tlhe same as (g + q') used by Rankine. From 


the figure x tan. 


g = angle at which one stone will slide upon another. 

215. In all the calculations for the wall, it is assumed that the water 
will stand at the level of the top of the wall, although the flow line of the 
reservoir is 3 feet lower. This assumption simplifies the calculations, 
and provides against any contingencies which might arise in freshets. It 
is also assumed that the bed joints are horizontal. The batter of the face 
wall, and the fact that the joints of the courses there are normal to the 
face, make the bed joints practically inclined to the horizon, and there- 
fore presenting greater resistance to sliding and overturning, than is 
assumed in the calculations. 

216. For purposes of calculation these values are assumed—specific 
gravity of the masonry, 6 = 2.33; the limiting angle of sliding of 
dressed stone upon each other, which is given by various authorities as 
from 31- to 35 is taken at 32- .*. tan @ = 0.625. 

417. For economy of material, the wall should approach in section to 
the wall of uniform stability, which is triangular. In this case. such a 
wall would have a face batter, of which tan x = 0.687.+ On the other 
hand, on account of practical difficulties of construction, the value of « 


should not exceed the limiting angle of sliding of stones on moist mortar. 


* Van Buren, LVIL. Transactions (20). 


t Rankine’s Applied Mechanics, § 216. Equation (14). 
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Some experiments give this angle at 22°. The angle adopted for the 
wall is 21° 49, or tan « 0.4. ‘ 
218. The condition of frictional stability for the wallis tan oe <_ tan g, 
@ being taken at the limiting angle for dressed uneemented stone ; if 
Ois mule equal to @ for a cemented wall, the adhesive power of the 
mortar is amply sufficient to produce the required inequality ; we have 
therefore tan © = 0.625. 
219. The equation of stability of position (/.¢., against overturning) 
for a wall of this form is* 
q') b = 
6 
Substituting the values of the factors as given in 7 14, and reducing, we 
obtain for top width of dam 
h 1 : 
a ian, (an. & ) in this case a = 0.1433 h. 
For different heights of dam, the values of a to fulfill the conditions 


of stability are therefore : 


h. h. a. 


20. As built, @ = 8.6 for so much of the dam as lies between the 
points where the plane of the stream level intersects the slope of the 
hills. Between those points and the extremities of the dam, as hk 
diminishes rapidly, the same width of dam at top would give an unneces- 
sary excess of material. At the same time, a less value of a than 5 feet 
is not advisable, that being the thickness of the two facing walls, and 
the least that is efficient for water-tight work. The top width of the 
dam is therefore reduced between the points above mentioned and the 
ends of the dam, by deflecting the line of the vertical face until at the 
ends of the dam it is 5 feet from the front angle, the line of the front 
angle being straight, and the sloping face a plane surface throughout. 

221. Below the level of the stream, the width of the masonry was in- 
creased 1} feet on each side, and the foundation carried to the rock with 
a slope on each face of 1 to 2. 

722. As originally designed, the waste water from the reservoir when 
full, was intended to flow over the top of the masonry at the north-east 
end of the dam, the masonry there being left lower than on the rest of 


the wall. The overfall was arranged in three sections, one at the extreme 


* Rankine’s Applied Mechanics. § 216 (2 A). 
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end cut in the rock, 30 feet long at flow line elevation, the second 9 
inches higher, over the masonry and 100 feet long, and the third, 1} feet 
above flow line, and 70 feet long. The rock at the base of the face wall 
for 220 feet at this end to receive the base stones, was cut in steps, level 
on the face and sloping back at the angle of the wall. 

2 23. For drawing off the water in the reservoir, two water ways, each 
4} feet in diameter, were built through the dam at stream level, as shown 
in the Plate. Grooves for stop plank were arranged on the up-stream 
face of the dam, and cast-iron gates with composition facings were in- 
tended to be placed in a gate-house fitted for the purpose on the lower 
side. 

224. An earth embankment was built against both sides of the dam 
to 10 feet above the stream level. To prevent percolation of water 
through the masonry, it was intended that the joints on the up-stream 
side of the wall should be raked out, and then thoroughly calked and 
pointed with cement. * 

225. In 1870 when the dam was nearly completed, the control of the 
work was transferred by the organization of the city government under 
the charter of April, 1870, to a Department of Public Works, which took 
the place of the Croton Aqueduct Board. 

226. The new authorities made the following changes of plan : 

Ist. On the water side of the dam an earthen embankment was built, 
20 feet wide on top, and with slope of 5 to 2. 

2d. At the foot of this slope a tower of masonry was built to above 
the water level. From the tower, in which are grooves for stop-plank, 
two lines of 36-inch pipe were laid underneath the embankment, and 
through the water ways, and carried several hundred feet below the dam. 
Stop-cocks were placed in a vault built against the upper face of the 
dam. 

3d. An excavation was made in the rock at the north-east end of the 
dam, about 100 feet in width, for the waste way. 

227. By the construction of the earth embankment, the masonry 
dam is changed into a retaining wall, which is impervious, and sustains 
a bank of earth exposed to saturation. If there could be any certainty 
that the embankment was impervious to water, the stability of the wall 
would not be endangered. But the embankment was built upon the 


original porous gravel, 20 feet in depth, extending entirely under the 


* The dam was designed and the specifications prepared by Gen. George S. Greene, 
Engineer-in-Charge. 
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bank to within a few feet of the dam ; it was built by contract, and not 
rolled nor thoroughly rammed, but merely carted over. The material 
is not such as to ** puddle” well. It is therefore extremely improbable 
that the portion adjoining the dam will be secure from t' ‘nfiltration of 
water falling on its surface, or the penetration of the waver from below, 
under 60 feet head in the reservoir. 

228. Ifit is saturated, the pressure against the wall is equivalent to that 
of a fluid of the same specific gravity as the earth. If this is taken only 
as 1.60, the value of tan 9 becomes at the bed joint (60 feet below top of 
dam) = 0.996, and the resultant of pressures strikes the base only 1.1 
feet inside the edge, making m — 0.034, showing that instead of a dam 
amply strong to resist any pressure of water, the wall has become a re- 
taining wall so near the limit of stability as to be, if not unsafe, at least 
very imprudent. Its stability now depends entirely upon the adhesion 
of the mortar, for the embankment is not water-tight, and the face of 
the dam is constantly wet with water which has percolated the masonry 
for want of calking to the joints on the upper face. 

229. The position of the line of resistance in the dam as built to 
resist a water-pressure, is shown in Fig. 2. The values of 6. fan. @ and 


m for every 3 feet in height, are as follows : 


| 

Distance Condition of , Distance Condition 

ofthecen- frictional ndition of ofthecen- frictional |Condition of 

=> tre of Re- Stability, Piston = tre of Re- Stability, Position 

ars sistance fan. @ wo sistance tan.@— | 

m 0.25. m > 0.25. 

2 from the 0.625. eg from the 0.625. 

22 outerEdge outerEdge | 

of Base of Base 

Actual Values. Actual Values, 
a, m b. Tan. m. m b. Tan. | m. 
3 2.483 5.12 0.065 0.523 33 2.343 8.66 0.463 0.398 
6 2.461 5.82 0.124 0.529 36 2.334 8.73 0.488 | 0.380 
gy’ 2.442 6.41 0.177 0.526 39 2.328 8.78 0.511 0.363 
12 2.418 6.91 0.226 0.516 42 2.321 8.80 0.532 0.347 
15 2.410 7.33 0.268 0.503 45 2.314 8.80 0.552 0.331 
18 2.397 7.68 0.308 0.486 48 2.322 8.80 0.568 | 0.316 
¥1 2.384 7.97 0.344 0.469 51 2 8.78 0.583 0.300 
24 2.372 8.21 0.378 0.451 542.333 8.76 0.597 0.291 
27 «2.362 8.40 0.408 0.433 57 2.337 8.72 0.610 0.278 
30 2.352 8.55 0.437 0.415 60 2.340 8.68 0.622 0.266 


Pressure per square inch of wall on foundation 38.4 pounds ; result- 
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ant pressure on foundation 45.25 pounds ; and pressure of foundation on 
rock 38 pounds. 

PLANS AND Proposats ror Coxsrr¢etion.—7 30. The law with regard 
to work undertaken by the Croton Aqueduct Board required it to be let 
at public competition to the lowest bidder. On August 20, 1866, eight 
proposals were received and opened. The following were the 
offered : 


prices 
No. or Bip 


| 

Class of Work. | Prices | 


A Earth Excavation below stream, per 
cubic yard 


$1.00 $1.00 2.60 20.75 2.00] 
B Earth excavation above stream level 

per cubic yard 
¢ Rock excavation, per cubic yard..... 10.00 2.00 3.00 0.50 2.50 5.00 4.60 5.00 
D Dimension cut stone masonry, per 

CubIC Yard. 30.00 60.00 78.84 27.00 40.00 108.00 66.66 40.00 


rE Cut range masonry, per cubic yard.. 15.00 25.00 21.75 20.00 12.00 27.00 47.00 22.00 


F Rubble range 11.00 14.00 17.00 11.93 9.00 10.00 40.00 18.00 


G Concrete masonry below stream level, 


ea 8.00 7.50 6.60 9.93 10.00 10.00 11.45 17.00 
H Concrete masonry above stream level, 

per cubic 6.50 7.00 6.10 7.93 8.00 10.00 11.45 16.00 
I Flagging for gate-house roof, square 

0.20 1.00 0.60 2.00 0.30 2.40 1.35 
J Earthen 9-drain pipe, linear foot..... 1.00 2.00 1.00 5.00 2.50 2.00, 2.27 4.00 

K Cutting grooves for gates, per square j 

hake 0.30 1.00 1.27 3.00) 1.50 2.00) 3.77 0.60 
L Brick masonry in arches, per cubic 

20.00 20.00 22.00 20.00 20.00 27.00 28.00 


M Temporary road, per rod............. 10.00 10.00 


8.00 10.00 6.37 3.00 


231. A comparison of these bids is instructive, as showing the differ- 
ent manner in which contractors interpret plain specifications, and the 
variety of views entertained as to the proportions of remunerative and 
unremunerative work in an undertaking of this size. 

732. “A. For Earth Excavation,” including all material except 
solid rock which required blasting, and boulders of more than one-half 

cubic yard content, from the dam site below the level of the stream, 
wud including the cost of putting the same in embankment or spoil bank, 
and all pumping and bailing for keepirf the pit free from water. 


1 2 3 4 5 


8 
Price, per cubic yard............... 31.00 $1.00 $2.60 30.75 $2.00 $1.00 $1.35 $2. 
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In these figures is seen the effect of the unknown constant for pumping 
and bailing. The plan for the work required the stream to be diverted 
from its channel near the centre of the valley, and a new channel made 
about 100 feet to the north-east, an embankment 10 feet above the ordin- 
ary stream level to be built around the pit on the south-west, and the ex- 
cavation within this bank to be removed down to the rock. Slopes of 1 
to 1 were estimated to the contractor, all caves and slides beyond that 
to be at his own cost. 

The amount of water which might be expected to percolate the gravel 
was estimated by the various bidders at very different figures, their bids 
showing that it was considered to be worth from 30.35 to 31.70 per enbic 
yard of earth to take care of the water. The actual cost of the removal 
of water from the pits during excavation was about 45 cents per cubic 
yard of excavation. 

233. “ B. For Earth Excavation ” above the level of the stream, in- 


eluding everything as specified under ‘* A.” 


Prices, per cubic yard.............. $0.50 $0.25 $0.90 $0.45 $0.75 $0.50 $1.35 $0.50 


Of these figures, No. 2 is unaccountable and displays great lack of judg- 
ment. The excavation for the dam proper was in shallow pits, ona steep 
hill-side and of very hard material. It was known to be likely that the 
estimated quantity would be increased for embankment around the dam, 
the material for which would require to be selected, and to be hauled not 
less than 1,200 feet, and well compacted in bank. Instead of following 
the rule, which almost invariably holds good, that for an item which is 
likely to be increased, a good paying price should be offered, this bidder 
reduced his price on this item to less than cost. No. 3 exaggerated the 
cost of this work as he did of the pumping, and No. 7 evidently did not 
intend to lose on either ‘*A” or * B.” 

234. *©C. For Rock Excavation,” requiring blasting, including the 
removal of all boulders of over one-half a cubic yard content. 
Price, per cubic yard............¢:. $10.60 $2.00 $3.00 $0.50 $2.50 $5.00 34.60 $5.00 
The estimated amount of rock was not large, and No. 1 evidently counted 
on its increase. The event proved him to be right, and this item alone 
compensated him for a large proportion of his losses on other items. 
The excavation contained from7 to 14 per cent. of boulders of over one- 


half cubie yard, and it was necessary to take out a considerably larger 


amount of rock on account of seams and shakes than the test pits gave 
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reason to anticipate. But No. 4, which was made by a contractor of large 
experience is unaccountable, excepton the supposition that the bidder 
assumed that all the rock would be in the form of boulders of from one- 
half to one cubic yard content and easily handled. 

235. ** D. For Dimension Cut Stone Masonry,” every stone to be cut 
to exact dimensions ; the beds and joints dressed to lay }-inch joints, 
and the exposed faces hammered down to an even surface. 

Wo. OF 1 2 3 4 6 6 7 8 
Price, per cubic yard ........330.00 $60.00 $78.84 $27.00 $40.00 $108.00 $66.66 $40.00 
In this and the following masonry items, the prices offered vary with the 
previous experience of the contractor. No. 1 had never done similar 
work. Nos. 4 and 5 had never done work for the Croton Board, but 
were accustomed to railroad work. Nos. 2 and 3 had done some similar 
work for the Croton Board, and No. 6 had done a large amount of pre- 
cisely similar work. No. 7’s prices were high throughout. No. 8 was 
an engineer, who ought to have known the cost of such work better. The 
estimated quantity was small. 

236. ‘* EB. For Cut Range Masonry.”’—Certain portions of the masonry 
around the gate-house were specified as coming under this head ; the 
beds to be cut to lay 23-inch joints throughout, and the end joints for 18 
inches from the face ; the face to be pointed down to }-inch projection, 
with a chisel draft around the arris. _ 

GE 1 2 3 5 6 7 8 
Price, per cubic yard.......... $15.00 $25.00 $21.75 $20.00 $12.00 $27.00 $47.00 $22.00 

737. “ F. For Rubble Range Masonry.”—The face walls of the dam 
were specified as to be of this class. The setting-bed to be cut to lay 
j-inch joint throughout, and the ends and top for 12 inches back from 
the face ; the rise of the stone to be not less than 12 inches, and the beds 
from 2} to 4 feet ; the face to be rough, with line pitched at the arris. 


1 2 3 4 5 6 7 8 


Price, per cubic yard...... .«- $11.00 $14.00 $17.00 $11.93 $9.00 $10.00 $40.00 318.00 
One important reason for the discrepancy in the prices on this item, was 
the title adopted in the specifications. Rubble range was not an ordin- 
ary term for any class of cut stone masonry, and while the specifications 
distinctly described the work, and the portions of the dam where it was 
to be used, the use of the word rubble appears to have produced an im- 
pression on the minds of some of the bidders, that it was to be random 
work, laid up without regular courses. It was in fact, however, laid in 


courses, extending the length of the dam, the rises varying from 14 to 26 


inches, and averaging 21 inches. 
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It was afterwards stated by some of the bidders that they had intended 
contesting the classification of this masonry, and that they expected to 
be able to procure its being rated as ‘‘ Cut range,” and therefore had bid a 
low price for it. This practice of gumling on items is inseparable from 
the method of letting work at public competition to the lowest bidder. 
The only protection the engineer has, is to make the specification so dis- 
tinct that no question can arise as to the classification of work. In the 
specifications for the dam, the description of this class of work is so ex- 
plicit, that no claim for payment for it under any other classification, has 
been or can be allowed. 

It might have been better if the word rubble had been omitted, as 
that appears to be the only basis for any misunderstanding. 

2 38. ** G. For Concrete Masonry” laid below the level of the stream ; 
stone to be broken to not more than 2 inches in its largest dimension, 
nor less than } inch in its smallest. Mortar to be composed of one part 
of hydraulie cement to two parts of sand, by measure ; the proportion 
of mortar to stone to be such as to fill all void spaces, and be in excess of 
the same not more than ten per cent. The concrete to be laid in courses 
of 6 inches, and well rammed. In the concrete, and to be measured as 
part of the same, it was permitted to lay large unwrought stones. These 
stones to be laid in full beds of mortar, and the surface covered with 
mortar }-inch thick immediately before laying concrete around them. 
The price for concrete to cover all expense of bailing and draining : 

1 2 3 4 5 6 7 8 
Price, per cubic yard............ $8.00 $7.50 $6.60 $9.93 $10.00 $10.00 $11.45 $17.00 

239. **H. For Concrete Masonry” laid above the stream level. 
The specifications the same as for “ G.” This concrete to be inclosed 
between the rubble range walls. The large stones inserted, to average 
5 feet in length and 2 square feet in cross section, and to be laid in layers 
alternately parallel and at right angles to the walls of the dam. 

Wo. OF WIG... 1 2 3 4 5 6 7 8 
Price, per cubic yard............. $6.50 $7.09 $6.10 $7.93 28.00 310.00 $11.45 316.00 
The difference between the prices for ‘* G” and for ‘* H” is due to two 
rauses. In laying ‘* G@,” pumping and bailing would probably be needed. 
This would increase its cost. On the other hand, the larger area to be 
covered, and the freedom from the obstruction and interference caused 
by the laying of the cut stone facings ought to reduce the cost of laying 


the lower concrete, and the additional hoist, as the masonry rose above 


the surface of the ground, ought to increase the cost of the concrete 
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above stream level. Two of the bidders estimated that these variations 
would counterbalance each other. The others considered that the con- 
erete below stream level was worth from 30.50 to $2.00 per cubic yard 
more than that above. Actually the cost of pumping chargeable to con- 
crete was equivalent to about 18 cents per cubie yard of that below—and 
the hoisting to about 8 cents per cubic yard above—the stream level. 

240. The provision permitting the insertion of large unwrought 
stone caused variations in the estimates. In the absence of data as to 
the proportion which the stone could bear to the mass, some of the 
bidders assumed that from two-thirds to three-fourths of the mass would 
be of stone, which only required to be quarried, and could be set very 
quickly. In practice it was found, however, that not more than one- 
third of the mass could be made of the large stone. It was necessary 
that the stones should be far enough apart to allow the concrete to be 
thoroughly spread and rammed between them. This requires a space of 
not less than 12 inches between the nearest points, and with irregular 
stones the average distance is greater than this. When stones of irregular 
heights were laid, the leveling up necessary to prepare for a fresh layer 
of stone made the mean depth of concrete between the layers probably 
nearly 12 inches. 

241. The next three items, “I,” “J” and **K,” are for small 
quantities of special work, and the bids are not worthy of particular 
consideration, most of them having been made apparently at random, 
without regard to the cost of the work. 

242. ** L. For Brick Masonry in Arches” of water-ways and gate- 
house. This item, of some 20 cubic yards, was the only one on which 
the bids varied less than 200 per cent. 

243. The contract, as awarded at this time, was for the construction 
of the dam to within 30 feet of the top. The appropriation authorized 
was not sufficient for the completion of the whole dam, and the law 
forbade any contract to be made in excess of the appropriation. Further 
expenditure was authorized subsequently, and the upper 30 feet of the 
dam was built under a new contract, made with the same parties that 
built the lower portion. 

ProGress or Constrvetion.—% 44. Work was begun in September, 
1866. A new channel was made for the stream near the base of the 
North-east Hill, an embankment built around the remainder of the dam 


site, on the flat ground, and carried up 10 feet above the stream level. 


The pit within this embankment was partially excavated, the material 
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being deposited below the dam. The quarrying and cutting of stone 
was begun, and a Blake’s stone-breaker put in operation. On October 
29th-30th, 3.91 inches of rain fell in 10 hours, causing a heavy freshet 
which washed away the contractor's bridges, tilled the pits with water, 
and eut embankments badly. After pumping out the pit, the excavation 
was continued until December 21st, when the pit was allowed to fill. 

245. Some observations of work done in bailing from a pool into a 
trough 4 feet above the water, showed that the average work per minute, 
of a man was 12 bucketfuls, equivalent to about 1,200 pounds of water 
1 foot high. 

Z46. The winter was devoted to quarrying and breaking stone. Some 
cement was delivered, but was found not to be equal to the requirements 
of the specifications. A cargo of 900 barrels was rejected, and the delays 
and discussions consequent upon this prevented the receipt of any more 
cement until spring. 

247. The great distance of the work from any rail or water trans- 
portation was a serious drawback. The nearest point to which supplies 
could be brought by water was 16 miles distant. and over avery bad road. 
The nearest foundry and machine-shop was at the same distance. The 
nearest railroad station was 8} miles distant, on the Harlem Railroad. 

748. Sand, of proper quality, was difficult to get. All the bank 
sand within many miles was tested and rejected as containing too much 
dust and loam. The only sand found at all admissible was procured from 
the bed of the stream, in pools where the flow was sluggish and the sand 
had settled. Most of this was of good quality, but some was very dirty 
and had to be washed, and all of it had to be screened to remove chips 
and coarse material. From beginning to end of the construction of the 
dam there was a continuous struggle on the part of the engineer to have 
the sand for mortar properly cleaned and screened, and of the con- 
tractor to avoid it. That sand should be sharp, clean, and screened 
to proper size, is absolutely essential to good mortar, and there is no 
point on which, as a general thing, contractors and builders are so lax. 
Several methods of washing were tried, of which the most successful 
consisted in spreading the sand in a layer of about 3 inches in depth on 
the bottom of a shallow box, 6 feet by 12 feet, slightly inclined, and 
playing upon it with a hose from a force-pump. With proper manipula- 
tion the sand was pretty thoroughly cleaned. The process was expensive, 


however, and after one or two loads were operated on in this way, the 


sand would come to the work much cleaner. 
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249. In the spring of 1867 the main pit was pumped out, and exea- 
vation continued, The engine and boiler of 15 horse-power used for 
running the stone-breaker, were placed on the embankment above the 
pit, so as to operate a hoisting drum and an Andrew’s pump throwing 
an S-inch stream. After the pit had been once emptied, the pumping did 
not need to be continuous. The engine was able to hoist material from 
the pit, and at the same time either pump or break stone, but not 
together. 

20). North of the stream the foundation for the gate-house was pre- 
pared. On the side towards the stream, a trench 3 feet wide and 4 feet 
deep, was dug to the rock and filled with concrete, as a temporary dam 
to keep water from the gate-house pit. This concrete was made with 24 
feet of broken stone to 1 barrel of cement and 2 of sand, and was depos- 
ited gently in the still water which filled the trench. It was not ram- 
med, but the wet mass was worked down with shovels. One year after- 
wards, when this concrete was removed to make the connection with 
the gate-house, it was found necessary to drill and blast it. It had 
formed a good bond with the rock, and apparently no water had passed 
under it. 

251. The first stone of the dam was laid July 9th, 1867, in the gate- j 
house foundation, and concreting was begun in the main pit, July 11th. 
During the rest of the season the foundation in the main pit was raised 
to the stream level, and the masonry of the gate-house and waterways 
was carried up 8 feet. The side of this, towards the stream, was built 
vertically, the concrete being put in against plank forms. On the re- 
moval of this during the following year, the face of the concrete was 
found good, To connect the new work with it, and avoid a straight joint 
through the dam, two vertical channels were cut in the concrete, 3 feet 
wide and a foot deep. These were cut by a stone-cutter, with a point. 

A pick made no impression on the concrete. 

Z 52. Masonry was suspended November 5th, and the concrete already 
laid, covered with 2 feet of earth to protect it from frost. Some rubble 
masonry was laid after that date in wing walls adjoining the waterways 
above and below the dam. “Tn freezing weather the mortar was mixed 
with salt-water. The rule for proportion of salt was one said to have 
been used in the works at Woolwich Arsenal some years ago, viz. : dis- ; 
solve 1 pound of rock-salt in 18 gallons of water when the tempera- 


ture is at 32° Fahr., and add 3 ounces of salt for every 3° lower tempera- 


ture. The masonry laid with mortar thus prepared stood well, and 
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showed no signs of having been affected by the frost’ No masonry in 
the dam was laid in freezing weather. 
753. The ensuing winter was very cold and stormy. Quarrying, cut- 
ting and breaking stone were carried forward, and sand and cement 


hauled. The water of the stream was earried through the gate-house. 


Z 


254. Work on masonry was resumed March 80th, 1868. The first 
pert of the season was wet. A very heavy freshet ocenrred May 14th. 
The water rose 3 feet on the masonry laid in gate-house, and filled the 
pits. The latter part of the season was very dry, however, and the 
whole dam was raised 16 feet above the stream. Work was closed No- 
vember 17th, and the masonry covered as before with 2 feet of carth 
455. During the latter part of this year’s work it had.become evident 
that the insertion of large stone in the conerete was not beneficial. The 
space between the side walls was becoming narrow ; at the close of work 
it was 21 feet. The dam was 400 feet long and 6 feet above the earth 
filling. It was no longer practicable to wheel the concrete from the 
mixing boards in barrows, but it had to be hoisted by. derricks and 
transported by cars. When x course of facing-stone had been laid, and 
the space between them was to be filled with concrete, and that was filled 
with irregular shaped stones 1} or 2 feet apart, it was difficult to get an 
even bearing for run plank and almost impracticable for a tramway. The 
odds were greatly against the concrete uronnd these stones being prop- 
erly distributed and rammed, if it was dumped from a car. Even when 
distributed by the barrow-full (2 cubic feet), it required constant atten- 
tion and no small amount of persistence to secure its being spread in the 
narrow spaces. The stone in the vicinity of the dam which was fit for 
eutting had been pretty thoroughly used up, and it was questionable 
whether a sufficient quantity to finish the dam gould be procured at all, 
if 3,000 additional eubie yards were put in the hearting. The scarcity 
of good stone caused a constantly increasing tendency on the part of the 
contractor to run in and cover up weather-beaten stones which were unfit 
for the work, on account of the impossibility of the mortar adhering 
properly to the weather face. It had several times occurred that such 
stones were brought in, and a little grout poured over them to hide the 
deficiencies, and very probably more of the same kind were never 
discovered. It was questionable, moreover, whether so great solidity 
and tightness could be obtained by a wall of large stones, surrounded by 


thin masses of concrete, as by a thick mass of concrete alone. After 


full discussion of the subject, it was determined to abandon for the rest 
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of the dam the use of the large stone, and use only concrete for the 
hearting. These objections to a wall of concrete and large rough stones 
apply mainly to thin walls, say of less than 10 feet in thickness, intended 
to resist water. A wall of this class may be laid to advantage when over 
10 feet thick, but the stone should be required to be regular in shape, of 
not more than 18 inches height, and no stones should be allowed to be 
less than 2 feet apart. By their use under these restrictions, the specitic 
gravity of the wall may be increased and its cost diminished, and with 
a much greater certainty of getting good work and tight, than if the wall 
is laid up with rubble masonry. 

756. The laying of masonry was resumed June 23d, 1869, and con- 
tinued until November 1st, when the wall had reached an elevation of 38 
feet above the stream. The masonry was again covered with earth 2 feet 
thick, which was found to protect the concrete from frost quite well. In 
some places it was necessary to remove from 2 to 3 inches of the old 
work in the spring. ‘The winter was devoted as usual to quarrying, cut- 
ting and breaking stone. Enough broken stone was prepared to finish 
the dam. 

257. Work on masonry was resumed, April 13th, 1870, and the dam, 
as originally designed, was completed by November Ist, 1870. Owing to 
the changes of plan mentioned above, the reservoir was not ready for 
use until the fall of 1872. The dam contains, approximately, 21,000 
cubic yards of concrete, and 6,000 cubie yards of cut stone masonry. 

GENERAL Meruops or Hanpiinc Marertaus.—z 58. No expensive 
plant or machinery was used. The buildings were a contractor's office 
and cement house on the flat below the dam, stables and blacksmith 
shop near by, and a shed for stone-cutters on the flat above the dam. 
The stone yard was just above the dam on the north-east side of the 
stream. The stone for cutting and breaking for the first two years was 
procured from the hill-side, within 1,000 feet of the yard, and from 50 to 
300 feet above it. The third year the haul was about 2,000 feet, and the 
last year most of the stone for cutting was hauled 2 miles. From the 
neighboring hills, the stones were transported on stone boats, with oxen. 
For long hauls, low trucks were used, the stone being first brought to 
the road on stone boats. When the hill-sides were dry and rocky, the 
wear of stone boats was enormous. For transporting the cut stone 
from the yard to the work, trucks drawn by horses were generally 


used, depositing the stone within reach of a derrick on the work. In 


the main pit a double-geared derrick, with 50 feet boom, was at first used 
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for setting stone. Its great weight made it unwiel(ly, and for the last 
two seasons derricks of 30 feet mast and 25 feet boom were used. These 
could readily be shifted and raised. A heavy block, with a socket for 
the pin at the foot of the derrick, was laid on the concrete, and boards 
around it for the hoisters to stand upon. The derricks were worked by 
hand until the masonry was 10 feet above the bank. After that 2 steam 
hoists were used, a vertical 8 H. P. engine, with drum, being placed on 
the lower side of the dam, and the fall brought to it over the edge of the 
masonry. All the material to be hoisted was delivered under the boom 
on the vertical side of the dam. 

259. Below the embankment level, the sand and cement for mortar 
were mixed dry on the bank, and sent into the pit by a shute, to the 
mixing board. The broken stone was sent down another shute and 
measured below. From the mixing board it was transported to place 
in barrows. When the masonry had reached a height of 6 feet above the 
bank, the mixing platforms were placed on the bank close to the vertical 
wall, the concrete shoveled from the board into boxes, which were 
hoisted, placed on a dumping car, running on a track of scantling rest- 
ing on notched ties laid on the concrete, and wheeled to place and 
dumped. The track was carried along on top of the new work. As the 
concrete was dumped from the car, it was leveled off to about 8 inches 
thick andrammed. From two to three layers, according to the thickness 
of the course of the face walls, were put one over the other. With the 
track in the centre of the wall, a width of 20 feet could easily be carried 
forward, the car being arranged to dump in any direction. The plan 
worked pretty well, but was a little expensive for the contractor, as the 
ties became more or less imbedded in the soft concrete, and consequently 
there was more loose stuff to be removed in preparing for another 
course than if no traveling over the fresh work had occurred. Boards 
laid along the track, for the car-tenders to walk upon, protected-the 
green concrete. 

Stone for masonry was hoisted in the same way, and carried to the 
setting derricks, which were worked by hand, the reach of the boom 
being regulated by the topping lift, and, of course, being altered for 
every stone that was set. The courses were laid from one end of the 
dam to the other, so that, while one hoister was raising stone, the other 
was raising concrete for filling the space between the stones already laid 


at the other end of the dam. 


260. The stone breaker was at first placed on the bank above the 
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dan, and the broken stone passed from it to the meadow at the stream 

level. This arrangement was necessary so as to utilize the engine for 

pwnping, but had the disadvantage of causing the stone to be hauled up 

again from the meadow. After pumping was no longer necessary, the 

breaker was placed on the hillside in such a position that it was fed from ‘ 
the quarry direct, and delivered stone a little above ‘the level where it was 

needed, making all the haul descending. 

761. Wire guys were used on the derricks, and for a part of the time, 
when the steam hoist was used, the falls were of annealed wire rope. This 
generally worked well, but had one disadvantage ; it would sometimes 
break suddenly, without warning, and it took longer to repair than rope. 

762. All arrangements for transportation and hoisting were under 
the contractor's direction, the engineer only seeing that nothing should 
be done in a manner detrimental to the work. 

CHARACTER AND Cost oF Marertaus.—L. Cement.—? 63. The specitica- 
tions required that all cement should be of the best quality of American 
hydraulic, and subject to such tests as the engineer might direct. 
For this work it was not so essential that the cement should be quick 
setting, as that it should be strong. For concrete, a quick setting cement 
is not to be preferred. 

The first cement, delivered in October, 1866, contained a considerable 
amount of coal dust, was apparently not thoroughly calcined, and, when 
sifted, 22) per cent. by weight would not pass through a sieve with 
openings of ,\th inch. The cargo was rejected. The contractors 
claimed that they could not procure any better cement. All of the 
Rosendale works were visited, and only one company would agree to fur- 
nish a cement which should contain less than 15 per cent. of matter 
coarser than ;\th inch. The other companies said they had a ready 
sale for any cement they offered, and would not go to additional 
expense and trouble to grind the cement finer. The company which 
consented to make an effort to improve their cement furnished nearly all 
that was used on the dam, and, out of a great many samples tested for 
fineness, only three were found to equal the limit assigned. In 1869-70, 
samples of several different cements for sale in the New York market 
were tested with the results shown in the following table. Different 
brands are designated by different letters. ‘* B” was the cement used on 
the dam. 


264. Tests of the tensile strength were made. The blocks had a sec- 


tional area of 2; square inches, with shoulders for clamps. They were 


a 


mixed in moulds, immersed in water for twenty-four hours, and broken 
after having stood for from seven days to a year and a half. No practi- 
cal use was made of these tests at the time. The results of a large num- 
ber are given in the table :— 


FINENESS. TENSILE STRENGTH. 


Percentage by Weight. Lbs. pr. sq. inch. 


Brand. Over 40. 40 to 80. Brand. Over 40.!40 to 80... Brand. | 7 days.j21 days. %3mo, 
A 22.5 7.5) C.. 11 

(8 15 1l D 13.3 11.1 | 135 
lB 14 E 15.4, 10.9) B...... 61 100 

| B 10 13.7} G 56 
LB 6.6 84) 37 66 

B 20 5.0 | a 1 Seren E 59 62 73 

= B.. 6.6 F 55 
(B....| 10 26 59 72 


265. An analysis of the whole series of experiments appeared to 
establish these facts :— 

(a.) The average tensile strength per square inch at the end of seven 
days, of cements, of which less than 10 per cent. by weight was over 
{jth inch diameter was 54} pounds, while that of those of which more 
than 15 per cent. was over ,\yth inch diameter, was 39 pounds. 

(b.) When cements containing from 10 to 23 per cent. of particles 
over ;jth inch diameter were sifted through a ‘40” sieve, the tensile 
strength of the fine portion was 20 per cent. greater than that of the 
cement before sifting ; but in cements containing from 23 to 30 per cent. 


of the coarser particles, the removal of those particles reduced the ten- 


sile strength of the cement about 25 per cent. 
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(c.) The tensile strength of the cements increased continuously for 9 
months. Reliable observations for longer periods were not obtained. 
The maximum results were :— 
7 days. 14 days. 21 days. 3 mo, 6 mo. 9 mo. 
Pounds per square inch...... 86.5 89 lll 155 222 250 

(d.) The cements which gave the best results at seven days generally 
maintained their superiority throughout. 

266. Some of the cements used which set quite slowly at first, made 
exceedingly hard concrete. The most compact concrete which was cut 
into at any time was made with a lot of cement which barely escaped 
condemnation on account of its setting so slowly. No samples of the 
brand used refused to set under water. 

267. A systematic testing of o// the cement used on a work situated 


as this was, is very difficult. From 2,000 to 5,000 barrels were used in a 


month, and it sometimes happened that, owing to delays in transporta- 


tion, all the cement used for several days in succession was delivered 


directly at the concrete boards by the teams which hauled it from the 
railroad. It is due to the cement company which furnished the cement 


to say that it was generally very satisfactory. The difficulty with most of 


the cement companies now is, that during the summer their works are 


taxed to their utmost capacity to supply the market, and, in ordinary 
building, almost anything which bears the Rosendale brand is accepted 
without question, so that there is no inducement for them to take any 
pains to improve the quality of their cement. The experience of Mr. 
Shedd on the Providence (R. I.) sewers shows, however, that it is not 
only practicable to make tests of all cement used on a large work, but to 
raise the standard of that which is furnished. 

The average weight of a barrel of cement used on the dam was 284 
pounds net. 

IL. Broken Srone FoR Concrete. —% 68. Stone for concrete was broken 
to be not more than 2 inches in its largest dimension. <A Blake’s stone- 
breaker of 15-inch jaw was used, driven by a 15 horse-power engine. 
The stone which was obtained from the surface and from old fence walls 
in the vicinity of the work was tough and used up the jaws ver. fast. A 
moveable jaw ordinarily lasted 20 days. On one oceasion, a jaw costing 
$70, and which had been hauled 16 miles over-night and put in the 
machine in the morning, was so worn by night as to be useless. With 


chilled jaws and careful handling, and using quarried stone instead of 


stone from the surface, a pair of jaws lasted much longer on the latter 
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part of the work. The last pair used broke about 3,000 cubie yards of 
stone. 

As the stone passed from the breaker, it traversed an inclined screen, 
made of }-inch iron rods placed parallel, about }-inch apart, on a slope 
of 1to 1. The dust and screenings were carted away, and the stone 
wheeled into a pile. One, and sometimes two men were necessary on 
the dump, to break the larger stone as they were deposited. With a 
fresh set of jaws no additional breaking was needed, but as they became 
worn, stone in excess of the proper size would sometimes pass. The 
stone was delivered to the breaker by carts, having been first sledged to 
the proper size, about 12 inches square, by 6 inches thick. The machine, 
when running at full speed, with one man feeding, two men supplying 
him with stone, one keeping the screen clear and helping to fill barrows, 
two wheeling away the stone and one on the dump, could break 144 
eubic feet in an hour, or at the rate of 54.4 cubic yards per day of 10 
hours. This excessive speed was kept up, however, only as long as it was 
known that an inspector was timing it. The average rate of breaking 
for the last year was 3.8 cubic yards per hour, which may be assumed as 
the economical rate for the 15-inch machine. 

The largest sized machine (20 inches) will break 8 eubic yards per 
hour if fed to that capacity, but 6 eubie yards per hour is more 
economical. 


2 69. The cost in time, of breaking stone, was as follows : 


1867. 1868. 1869. 1870. 

Total cubic yards broken...... icveet onteaxaaueye 2410 4170 5 720 3 650. 
Number of 109 152.5 155.5 96 
Average cubic yards per day.......... Apensienehee 22.1 27.3 36.8 38. 

be Laborers 0.269 0.322 0.224 0.410 

< 3 | 

al 2 0.051 | 0.042 | 0.087 

2 

0.049 0.092 | 0.066 | 0.118 

me 

| 

| Engine and machine....... 0.045 | 0.087 | 0.027 | 0.026 

2 $ Labor tending machine............ 0.360 0.238 0.158 | 0.174 


The difference in sledging is accounted for thus : 
1867. Many fence wall and cobble stones were used, which needed no 


sledging, but were hard to break. 
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1868. Refuse from quarry almost altogether used, which had to be 
sledged. 

1869. Stone yard and quarry spauls used up. 

1870. Stone-cutting and quarrying for same, done at a distance, and 
stone quarried near by for breaker ; consequently nearly all stone 
used was sledged. 

The carting varied in the same way for the same reasons. 

The tending was greater in 1870 than in 1869, because in the earlier 
year the breaking covered the working season, during a large part of 
which the carts hauling stone to the concrete boards took their loads 
direct from the breaker, while in the winter of 1869-70, all stone broken 
was wheeled into the pile, the wheelers being reckoned among the 
tenders. The item for engine and machine includes cost of engine driver 
and helpers, fuel and repairs of engine. In estimating cost of breaking, 
the repairs and maintenance of stone-breaker must be added. This is 
worth about 0.05 day laborer per cubic yard. 

The stone, when broken, weighed 90.3 pounds per cubie foot, and 
the void spaces averaged 47.55 per cent. of the bulk. 

TIT. Morrar anp Concretre.—? 70. The mortar made of one barrel of 
cement to two of sand, measured 9.70 cubic feet per batch. This was 
the average of a large number of measurements, the extremes varying 
7 per cent. each way. While the void spaces of the stone averaged 474 
per cent., there would sometimes be a coarse run of stone which had 53 
per cent. of void spaces. To cover such cases, the mortar had to be 54 
per cent. of the bulkof the stone. This makes the charge of stone to a 
batch of mortar 18 cubic feet. The stone was measured in barrels, and 
at first 45 barrels, holding 18 cubie feet, was the charge of stone. As it 
was found after some use of the barrels that they became coated with 
dust and screenings to such an extent as to considerably diminish their 
vapacity, 5 barrels of stone (which held the proper quantity) was the 
charge for a batch of concrete. 

271. For mixing concrete, platforms 12 by 15 feet, of 1}-inch plank 
were used, the plank laid lengthwise in the direction the mixers used 
the shovel. Planed and matched plank are best, as causing less resist- 
ance to the shovel, and less loss of water and cement. 

272. The sand was wheeled or carted from the piles and deposited 
at one corner of the board, and 4 or 5 barrels of cement brought at a 


time and placed there also, the cart on its return-trip taking away the 


empty barrels. 
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The sand and cement mixer, standing a barrel with both heads out 
on the corner of the platform, filled it with sand, which, with a twist of 
the barrel he spread, then opened and emptied a barrel of cement on it, 
and standing the sand barrel on the pile, filled itagain. He then turned 
the mass over and heaped it in a conical pile. 

Z 73. The broken stone was deposited near the platform and washed 
in the pile by a hose. The stone-man shoveled it into 5 barrels with 
handles and with holes bored in the bottom, which stood in a row at 
the edge of the platform, and then poured over each from one to two 
buckets of water, which drained out through the holes in the bottom. 

274. Four ‘* mixers” cast the sand and cement from the prepared 
pile on the platform so as to form a basin into which from 7 to 10 
bucketfuls of water were poured from a tub standing at one end of the 
platform which was kept constantly filled. As the water was put in, 
the mixers with the backs of their shovels spread the dry stuff over it, 
taking care not to let the water break through the ring, and mixed the 
mass by running their shovels through and turning them, thus making 
a bed of mortar about 8 by 5 feet and 3 inches thick. On this they 
emptied the barrels of stone, by upsetting them over the handles, and 
then scraped up the loose mortar around the edges, throwing it on 
top. 

275. Then standing in pairs opposite to each other at the ends of the 
pile, they turned the mass outward by running the shovel under the stone 
and mortar, and turning it on its outer edge and drawing it back with a 
spreading motion over the turned mass. The opposite mixers worked in 
until the shovels met and then they returned to the edge again. When 
the two pairs met in the centre of the board, the concrete was in two 
piles. The operation was then reversed, and the conerete turned again 
towards the centre, leaving it in one pile, which was then shoveled into 
the hoisting box. In the meantime, the sand and stone-men had been 
preparing their materials for the next batch,-to which the mixers pro- 
ceeded as before. The whole operation was performed in from 8 to 10 
minutes. In 1869, 2 day's work for a gang was fixed at 50 batches of 
concrete. In 1870, 60 batches were given as a day’s work, and the task 
was accomplished in from 8 to 9 hours, according to the length of travel 
of the cars, and consequent interval between the delivery of the boxes. 
The work was very arduous, and none but the most powerful men 


could stand it. They acquired great skill in the manipulation of the 


concrete and worked very systematically. Part of the time a fifth mixer 
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was employed in turning up the edges of the pile and helping in the 
heavy shoveling into boxes. 

During the first two years of the work, when the masonry was below 
or near the ground-level, the mixers shoveled the concrete into barrows 
which they wheeled and dumped themselves. They were paid by the 
day, and no limit as to amount was assigned them. 

Two ‘‘rammers” took charge of the concrete as it was dumped from 
the barrows or cars, and spread it and then rammed it with wooden 
rammers. 

276. In the following table is given the cost in time of laying con- 
crete for each season separately, and also, for comparison, the cost of 
laying concrete at St. Louis, Mo., as furnished by Mr. T. A. Meysenburg, 
when in charge of the construction of a reservoir for the St. Louis Water 
Works. He explains the greater cost of mixing by saying that laborers 
will not do nearly the same amount of work in that latitude that they 
will at the East. 


N. ¥. StoraGE RESERVOIR. Sr. Louis RESERVOIR. 


1867. 1868. 1869. 1870. 1868. 1868. 1869. 


Cubic yards laid...... 2715 4 082 6 206 


Proportion of stone to mortar... 1.65 1.85 1.85 1.85 2.5 2 


HoIsTED BY 


MIXED ON LEVEL AND RUN 


AND WHEELED IN. 


on CARS, 
St 
Days’ WORK PER CUBIC YARD. On LEVEL—WHEELED IN. 
xs 
238 
Bos 
Mixers........ 0.223 «0.227 0.145 0.121 0.603 0.537 0.399 
Handling sand..... 0.065 0.071 
0.161 
0.065 0.076 0.046 0.0385 0.088 0.057 0.068 
0.12 0.078 0.071 | 0.073 0.125 0.107 0.128 
Sand—cubic yards.............. 0.428 0.416 0.420 0.420 0.373 0.444 
Coment—barrels. ....csccccscses 1.446 1,420 1.425 1.428 1.259 1.394 1.500 
Stone—cubic yard............4. 0.888 0.946 0.946 0.946 0.926 0.826 1.111 
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To compare the four years’ work, the hoisting must be left out of the 
account. In the first two years, the mixers did the same work that the 
mixers and car tenders together did in the last two years. The men 
handling sand and stone must be taken in connection with the carts, as 
the transportation from the piles was done by barrows or carts, according 
to the distance from the mixing boards. Calling a cart and driver 
equivalent to two men, we have, as day’s work, per cubic yard : 


1867, 1868. 1869. | 1870. 
| 
Furnishing material to mixers.................... 0.291 0.266 0.281 0.229 
Mixing and transporting to place.................. 0.223 0.227 0.233 | 0.191 
| 
0.514 | 0.493 0.514 0.420 


This shows that the increased charge of stone, and the work coming 
nearer to the surface, diminished the cost in 1868, but that the change in 
1869 to the system of paying for 50 batches as a day’s work made a con- 
siderable increase in cost for that year, while in 1870, when 6Q batches 

was a day’s work, the cost was similarly diminished. One reason for the 
diminished cost of engine in 1870 was that, when concrete had to be put 
in, two gangs of mixers were kept going by one engine on short runs of 
the car. 

277. The spreading and ramming cost more the first season than after- 
wards, because, at the beginning of the work, the concrete was made 
much less moist than in the succeeding seasons, and the first layer on the 
rock in the bottom required the closest attention to obtain proper ad- 
hesion, andinsure the bottom of the course being thoroughly filled with 
mortar. It was found afterwards that where the concrete was surrounded 
by large stones, freshly plastered, and the water was confined and pre- 
vented from running off, the mass worked better and more easily by 
being made quite wet. A batch transported from the mixing board to 
the place where it is to be laid, in one mass, and there dumped and 
spread to proper thickness (about 8 inches), makes far better and more 
homogeneous concrete than if moved in small quantities in barrows. 


There is less loss of mortar and water, less separation of the fine and 


of the concrete honeycombed. When the mortar is quite dry, hard ram- 


ming is necessary to consolidate the mass, but it also tends to disintegrate 


coarse parts of the bateh, and, consequently, less tendency to have part 
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it the instant that the cement has begun to set, and this is generally 
before the mass can be thoroughly consolidated. The best method is to 
have the mortar a little more moist than is proper for masonry, the batch 
dumped in one. mass, leveled off with shovels (the spreader at the same 
time turning over any irregularly mixed parts), and then slightly rammed 
with a \voden rammer. Where it comes against walls or forms, it is 
better te compact it by cutting with a shovel and then slightly ramming, 
than by attempting to make it solid by ramming alone. ©The amount of 
water needed varies with the temperature and condition of the atmos- 
phere. Ordinarily, when the sand is slightly damp, and the stone well 
washed and wet, the quantity of water used in mixing the mortar should 
not exceed 3} cubic feet per batch. 

278. The concrete, when set, weighed 133} pounds per cubic foot ; 
its specific gravity was 2.13. 

IV. LarGe Srone in Concrete.—? 79. The large unwrought 
stones laid in the concrete, from the foundation to within 45 feet of the 
top of the dam, were set in full mortar beds, and the surfaces plastered 
just before concrete was laid around them. The setting was mostly done 
by laborers, one mason superintending. The cost in day’s work per 
cubic yard was as follows : 


1867.* 1868.t 
Total quantity laid, cubic 1 234 2 353 
Percentage of whole mass ................ 32 36,5 


Days, per cubic yard. 


mixing mortar....... 0.078 0.083 

Sand—cubic yards............ 0.084 | 0.088 
Transporting stone to the work—teams......... 6.160 0.073 
Laborers loading—teamB. 0.305 


* Stone lowered average of 20 feet. 


+ One-half lowered 5 feet; one-quarter swung in level; one-quarter hoisted 6 feet. 
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The cost of the mass of concrete and large stone, as laid in 1867, was 
893 per cent. of the cost of concrete alone, and in 1868 was 844 per cent. 
of such cost. 

780. For reasons before given (755) the percentage of large stone in 
work of this class ought not to exceed 25 per cent. of the mass, in which 
ease the cost of the mass may be safely estimated to be reduced 10 
per cent. below concrete cost, and its specific gravity increased 8 per 
cent. 

V. Cur Srone Masonry—Qvarnryinc.—7 81. The stone for cutting 
was split out on the hill sides, and hauled to the stone yard near the dam. 
During the first year the quarry was not well managed, and the cost was 
too great to be of service for comparison. During the second year, the 
greater proportion of the stone quarried was for rough stone and for 
breaking. The cost in time of quarrying the stone not intended for 
cutting was for 3,400 cubic yards : 


Days per cubic yard.| Days per cubic yard. 
0.14 | Labor, loading teams...... 0.077 
0.036 | Tools, powder and fuse, to be added. 


282. From January, 1869, to July, 1870, 4,000 cubie yards of stone 
for cutting were quarried. All of this was split out with plugs and 
feathers, and hauled to the stone yard, an average distance of one mile. 
The cost in time was: 


Days per cubic yard. Days per cubic yard. 
Labor loading teams................0.284 


VI. Srone Currmne.—? 83. Rubble range masonry is described above 
in 237. The stone was estimated at 2} feet beds. The actual average bed 
as laid in walls was 2.715 feet. As estimated, 10.8 square feet of face =1 
cubic yard. The average face dimensions of the stone were 1.8 feet rise 


< 3.6 feet long =6.48 square feet face per stone; this gave about 19 


superficial feet of joint cutting per stone. 


| 
| 

= 
| 
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The average days’ work of a man, deduced from 3} years’ work, in 
which 5,200 cubic yards were cut, was 6.373 square feet face per day. 
That is, 1 eubic yard took 1.569 days’ work of cutter. Average day’s 
work of superficial feet of joint was 18.7 feet per day. 

In cutting the granite for the gate-houses of the Croton Reservoir at 
86th street, in New York, in 1861-2, the minimum day’s work for a cutter 
was fixed at 15 superficial feet of joint. This included also the cutting 
of a chisel draft around the face of the stone, which costs per linear foot 
about one-fourth as much as a square foot of joint, making the actual 
limit equivalent to about 17.7 square feet of joint. 

On the same work, the proportion to be added to the cost of cutters to 


give the total cost of stone yard was as follows, for 19 months work : 


For superintendence. add 8 percent. 
gharpoting sme « 
labor moving stone in yard............ 1 « 
drillers plugging off rough faces............. 
Total to be added.............. 


#84. For dimension stone, cut to }-inch joints, and hammer-dressed 
{pean hammered) on the faces, 1 eubic yard takes 9 days’ work of cut- 
ters. The coping of the dam, composed of two separate courses of 
stone, 


1 of 12-inch rise, 30-inch bed, average length 33 feet. 
1“ 24. « 48. « “ 2} “ 


top pean hammered, face rough with chisel draft around it, beds and 
joints to lay } inch, took per eubic yard 6.1 days’ work of cutters. 

Grooved work for stop plank on upper face of dam as shown in 
Fig. 4, with fine cut grooves, courses averaging 20 inches rise, took 
10.86 days’ work of cutters for every foot rise. Steps cut in rock to 
receive the face wall of dam on northeast end, took 1.2 days’ work of 
cutters per linear foot of face. The above rates are all for granite, or 
stone of similar hardness. 

The stone used for the dam averaged 172 pounds per cubic foot, 
and the specific gravity as laid in wall with mortar was 2.71. 

VII. Layrse Masonry.—? 85. Most of the cut stone was laid by one 
mason. More than two were not employed at any time. The mason’s 


gang also shifted derricks. The cost of hauling stone to work varied 


with position of the blocks in the yard and whether they were assorted 


there into courses, or lay promiscuously. 


| 
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CuT Stone Masonry. 1868. 1869. 1870. 


Total cubic yards laid 1070 2270 2530 


Hand hoist. , Hand hoist. Steam hoist Steam hoist 
Days per cubic yard. Average 5 feet. | 10 feet to 20 feet. | 20 feet to 30 feet. 30 feet to 50 feet. 


0.120 0.119 0.082 0.108 
0.184 0.188 0.145 0.155 
Mortar mixer....... 0.100 0.082 0.076 0.101 
Derrick and carmen. 0.327 0.341 0.235 0.261 
Engine, hours ...... 0.462 0.490 
Cement, barrels..... 0.314 0.304 0.280 
Sand, cubic yards... . 0.093 0.093 0.093 
Stone, cubic yards... 0.887 0.889 0.900 
Teams from yard.... 0.100 6.056 | 0.110 
Labor loading teams. 0.184 0.223 0.086 


2.86. The stones were suspended by two hooks at the ends of a chain, 
on which was a sliding ring. The hooks were put in notches on the 
front and back of the stone, made with a stone-cutter’s ‘ point.” The 
sliding ring enabled the bed to be slung at any angle. The lower face 
wall was set with the beds sloping back 2 feet in 5. This inclination 
caused a good deal of trouble. A stone would rest without sliding when 
it was first laid on the mortar, but when struck with the maul would 
slide unless the blow was delivered perfectly square with the stone. This 
was almost impossible to do, and as a good purchase for a pinch bar could 
not well be obtained, the masons used blocking against the concrete to 
hold the stone in place. This had a tendency to throw the rear of the 
stone up and keep it from its bed. Although apparently a small matter 
and easily attended to, this is in fact a serious objection to the laying of 
stone on that slope, when, as in this work there are over 3 miles of 
stone to be so laid. It is better to diminish the face batter to one-third 
instead of four-tenths, even if it involved the making of an occasional 
offset in the wall to reduce the amount of material. 

VIII. Brick Masonry.—7 87. The amount of brick masonry was small,. 
only the arches of the waterways, and the interior walls of the gate-house 


being laid in brick. The bricks used were ‘‘ Croton” hard-burned 


selected brick. The arches were semicircular, 4} feet in diameter, laid in 


= 
The cost in time of laying the masonry in each year was as follows : = 
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three rings. The inner ring contained 33 brick, the middle one 38 and 
the third 42. As laid in the arch, 22 stretchers or 47 headers were 14.90 
feet long. 1 cubic yard took 554 brick and 0.95 barrels of cement. 

The sizes of brick vary so much in different localities that any esti- 
mate based on the number of brick laid has only a limited local value. 
The proportional number of brick used in different classes of wor.. may 
be useful. Thus, 1,000 of the same kind of brick, viz.. ‘* Croton hard 
brick,” laid, 


In lining wall of gate-house substructure, 86th street, New York..........45.2 enbic feet. 


In flat arch, High Bridge enlargement, New 46.0 
In small arches, Storage Reservoir. 48.9 


On an average—the weight of these bricks is 44 pounds each, and they 
will absorb 19 per cent. of their bulk of water. 

The time of masons laying brickwork under inspection varies very 
much from that in ordinary building. No class of mechanics needs more 
instruction at the outset, and constant supervision than bricklayers on 
public works. 

In estimating on cost of brickwork, the class of work must be parti- 
cularly considered. The great difference in cost of different kinds of 
work is exemplified by the following table of actual cost : 

Days mason 
per cubic yard. 
High Bridge enlargement 1863. Lining wall and flat arch laid with very 
Washington Aqueduct, 1864. Circular conduit 9 feet diameter, 12 inches 


St. Louis Water Works. Conduit, semicircular arch 6 feet diameter, ver- 


Storage Reservoir, 1869. Lining of gate-house, walls and arch ; rather 
rough work..... essence 0.304 

Roaps.—7 88. Three miles of new roads around the reservoir were 
built by the Department. The section of the road as built is shown 
in Fig. 3. The road-bed is 16 feet wide with crown of 6 inches, 
and a ditch 1} feet deep on the side. All material was removed to a 
depth of one foot below the grade, and a top dressing of the best gravelly 
earth in the vicinity, free from stones over 1} inches in diameter put on 
and well carted over. Fuillings were made with loose rock, and frequent 
culverts provided. On the reservoir side, retaining walls of boulders, 


topped with a fence wall 34 feet high, 2 feet wide at bottom and 18 


inches at top, were built. These roads have been in use five years, have 
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never been repaired and are perfectly good now. The cost of the road, 
fence-walls and three bridges was $18,172 per mile. 

The cost of the dam alone to the completion of the original design 
{except calking and pointing the upper face) in 1870, was $370,000. 
The total cost of the reservoir, including land, dam, roads and engineer- 
ing to the same date was $590,000. 

789. In preparing this memoir, an endeavor has been made to present 
only the results of actual experience, and to aid in supplying a want 
which is often felt by engineers in estimating the cost of work with the 
details of which they are not familiar. Every engineer of experience 
has his collection of memoranda concerning work on which he has been 
engaged, but when called upon to estimate on another class of construc- 
tion, dataare very difficult to obtain. The estimates of contractors are too 
frequently based on mere guess-work, as is shown by the very great dis- 
erevancy in the bids on every work which is offered at public competition. 
The only data which can be relied upon are founded on observation of 
the time actually taken to perform certain operations. With these as a 
basis, the cost at current prices can be computed. To this cost must be 
added the amount needed for plant, superintendence and profits, concern- 
ing which no rule can be given, as every public work has its peculiarities 
which require special study, but at the bottom of all is the actual cost 
of doing the work, and a knowledge of this is essential to making an 
intelligent estimate. 


> 
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COMPOUND AND NON-COMPOUND ENGINES, STEAM-JACKETS, &c- 
A Paper by Cuartes E. Emery, M. E., Member cf the 
Society. 

PRESENTED 1874. 


Herewith are presented two tabular statements ; No. 1, showing the 
results of experiments made at Baltimore, Md., in May, 1874, with the 
steam machinery of the U. $. Coast Survey steamer ‘‘ Bache,” under the 
general direction of the writer, and No, 2, showing the results of experi- 
ments made at the U.S. Navy Yard, Boston, Mass., in August, 1874, with 
the steam machinery of the U. 8. revenue steamers ‘‘ Rush,” ‘‘ Dexter” 
and ‘ Dallas,” under the general direction of Chief-Engineer Charles H. 
Loring. U. 8. N., and the writer.* 

The tables and occasional extracts are taken from the official reports 
to the Department. The results of the experiments with the Bache are 
published by permission of Capt. C. P. Patterson, Superintendent of the 
U.S. Coast Survey, in advance of the completion of the final report of 
investigations upon the same general subject. 


* The experiments with the “ Bache ’’ form part of an extended series of investigations 
with steam machinery of various kinds, made to ascertain the best means of securing economy 
of fuel, which were commenced by the writer (then an assistant-engineer in the U. 8S. Navy) in 
the year 1866, and continued in connection with the Novelty lron Works, New York, where a 
special apparatus was fitted up for the purpose. [They were however entirely independent of 
those the government had in progress at the same time.}] Among other results, it was in due 
time developed that the compound engine furnished one of the best practical means of secur- 
ing economy of fuel, but the proprietors of the Novelty Iron Works decided to close the 
establishment in the winter of ’69-"70, and nothing further was done at the time. 

The results then obtained showed, with considerable accuracy, the law of variation in the 
cost of the power due to changes of the steam pressure and degree of expansion, and other 
matters of importance, which, coming to the attention of Capt. C. P. Patterson, then connected 
with, now superintendent of, the U. S. Coast Survey, so interested him that he made arrange- 
ments to provide the means required to complete the trials on the plan originally intended. 
The experimental machinery was, in part, purchased in the general sale at the Novelty [ron 
Works, and after being reconstructed the experiments were in due time proceeded with, though 
the loss of the skilled workmen and facilities of the Novelty Works was severely felt and 
caused unexpected expense and delay. Messrs. Hecker & Bro., the well-known millers, with 
characteristic public spirit, rendered valuable assistance by providing a location for the 
machinery, with use of boilers, pumps, &c. 

These experiments included a trial of nearly every possible change of arrangement and 
condition to which simple and compound engines could be put in relation to steam pressure, 
expansion, use of steam-jackets, &c. Upon completing the principal computations, it was 
found desirable to ascertain the nature of the change in result due to increasing the size of 
engines of the same general character. Other experiments with which we had been associated 
furnished part of the necessary data, but to still further complete the investigation, with the 
consent of the Superintendent of the Coast Survey, practical experiments were made with the 
machinery of the steamers Blake and Bache, corresponding to some of those with the 
experimental apparatus. 

The pressure of professional duties has prevented the writer from promptly completing 
the arrangement and discussion of the many hundred experiments, with the deductions due 
to the numerous changes of condition, but the results will, as soon as possible, be reported to 
the Superintendent of the Coast Survey and promptly published. 

The information derived from the trials of the experimental machinery was utilized in 
some degree in designing the machinery for the U.S. Revenue steamer Rush, and it having 
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DEscRIPTION OF THE Macuryery.—The engine and hull of the steamer 
Bache were built in 1870, by Messrs. Pusey, Jones & Co., of Wilmington, 
Delaware. The engine was designed by the writer, and is of the steepled 
compound type, the larger cylinder, which is steam-jacketed, being sup- 
ported vertically upon frames as in ordinary vertical engines. The smaller 
cylinder, which is not steam-jacketed, is supported above the other by 4 
side columns. The pistons are attached to the same piston-rod. Suit- 
able pipes and valves are provided so that the live steam can be supplied 
to the larger cylinder and excluded from the smaller, the former then 
working as a single engine. Ordinarily, when operating as a compound 
engine, the steam from the upper cylinder passes to the chest of the 
lower through a large pipe, no pains having been taken to reduce the 
intermediate space, as the distribution of power between the two cylinders 
can easily be regulated by the adjustable cut-off on the larger. 

Steam is distributed to each eylinder by a short slide valve at each 
end, and for both cylinders there are independently adjustable cut-off 
plates on the backs of the main valves. The valve faces of upper cylin- 
der are carried out so that the valves of both eylinders are operated by 
continuous stems, but the ports, which lead directly out from the clear- 
ances, are shorter than usual for the upper eylinder, and of the least 
possible length in the lower eylinder. The engine is provided with 
a surface condenser. The air pump is operated through the usual levers 
from the main crosshead. The cireulating pump is of the centrifugal 
pattern, operated by a small independent engine, directly connected. 

The boiler is of the Scotch return tubular type, and of suflicient 
strength for a steam pressure of 100 pounds, according to U. S. laws, 
though ordinarily worked at 80 pounds pressure. It is provided with a 
steam chimney, arranged above the front connection in the usual manner, 


and seins to boiler by a large tube. 


been found expedient to put engines of different kinds in the two sister vessels, the Dexter 
and Dailas, the opportunity presented of testing, in these vessels, the relative merits of the 
three kinds of engines attracted « onsider able attention. Several manufacturers and engineers 
expressed a desire that competitive trials be made. A correspondence on the subject was 
opened between the Navy and Treasury Departments, which resulted in an agreement for a 
trial under the direction of persons representing both services, and Chief-Engineer Chas. H. 
Loring, U. 8S. N., and the writer, were selected in behalf of the Navy and Treasury Depart- 
ments, respectively, to make preparations for and take general charge of the trials. 

When the preparations were complete, the following officers were detailed to conduct the 
experiments, viz.: Chief-Engineers Edward Farmer ” and George D. Emmons, U. S. N.; 
Chief-Engineers F. H. Pulsifer and F. A. D. Bremon, U.S. R. M. As assistants to these gen- 
tlemen there were detailed Past Assistant-Engineers Harvey and Cook, and Assistant- 
Engineer Tobin, U. 8. N., also Mr. E. Hugentobler, who was one of the assistants of the writer 
during the previous experiments with the steamers Blake and Bache. 

During the experiments with the revenue steamers the care of the machinery was intrusted 
to the engineers of the respective vessels. The chief-engineers detailed tor the experiments 
stood regular watches, with an assistant, while the experiments were in progress, and at the 
close certified duplicate copies of the logs, which are deposited in the Navy and Treasury 
Departments, respectively. 


ot 
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The following are the principal dimensions of the machinery of the 
Bache. 


ENGINE. 
High Pressure. Low Pressure. 


Diameter of Piston Rois, ** .... 3.625 
Size of Cylinder Ports, 9x 1.5 18x 1.5 
Ratio of Piston Displacement t 

Comparative effective Capacities of the two Cylinders............ ; 40987 i 
Katio Capacities of Cylinders to Capacity of intermediate Chamber 

BOILER. 

Inside Diameter of Furnace Flues............... 34 inches. 
Tabes, 00 in number, “ft. ins. long, and 3 ins. in diameter. 
Ratio cross Area of Tubes to Grate Surface... ............... 
Ratio cross Area of Tubes to heating Surface. .... 


Ratio cross Area of Tubes to Steam Space ( ins. water above tubes). 


The three revenue steamers are similar as respects the lulls, the 
serews and the boilers, but the engines are different each from the other 
—that of the Rush being «a compound engine ; that of the Dexter a high- 
pressure condensing engine, and that of the Dallas a low-pressure con- 
densing engine. 

The vessels are each 140 feet long over all, 129) feet between perpen- 
dievlars at water line, 23 feet extreme breadth of beam, and 10 feet 
depth of hold. The dranght of water aft is about 8 fect 10 inches. The 
hulls are of wood. The vessels represent the smallest type of full- 
powered screw revenue cutters adapted for cruising Purposes, They 
were all intended to be rigged as schooners, but it having been decided 
to send the Rush to the Pacific coast she was rigged as a top- ail schooner. 
One of the vessels averaged upward of 11 nautical miles per hour, for 6 
consecutive hours, on her trial trip, and neither of them averaged less 
than 10 knots, the machinery being entirely new in each case 

Each vessel has one boiler, 11 feet wide on base, and 9 feet high, with 
a double segmental shell, each portion being 6 feet 2 inches in diameter. 


There are 3 furnaces in each boiler, located between water legs at- 


tached to the bottom of the shell. The products of combustion return 


............. 48.89 
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through tubes within the shell. The boiler of the Dallas, designed 
for low-pressure steam, is 13 feet 9 inches long, the front connection 
being built in and the steam chimney attached to the boiler. The boilers 
of the two other vessels were designed for high-pressure steam, and are 
each 12 feet long, independent of front connection, which is a separate 
structure, bolted on. The steam chimney is also a separate structure, 
connected to boiler by a large tube. The boiler of the Dallas has 160 
tubes, 3} inches in diameter, and 9 feet 3 inches long. The boilers of 
the two other vessels have each 158 tubes, 3! inches in diameter, and 9 
feet 8 inches long. 

The Rush is propelled by a compound engine, with vertical cylin- 
ders and intermediate receiver, arranged fore and aft at the same level, 
the pistons being separately connected to cranks at right angles. The 
cylinders are thoroughly steam-jacketed, felted and lagged, and are, 
respectively, 24 and 38 inches in diameter, with 27 inches stroke of pis- 
tons. The steam is distributed to the high-pressure cylinder by a short 
slide-valve with adjustable cut-off plates sliding on back of same. The 
distribution of steam to the low-pressure cylinder is effected by means of 
2 double-ported slide-valve with lap proportioned to cut off the steam at 
about half stroke. The surface condenser is arranged on the starboard 
side. It supports 2 main columns from the eylinders, and contains 
900 square feet of condensing surface. ‘The air pump is operated from 
the cross-head of the low-pressure engine. The circulating pump is of 
the centrifugal type, operated by a small engine, directly connected. 
The screw is 8 feet {inches in diameter, with mean pitch of 14) feet. 
The engine was intended to be operated regularly with a steam pressure 
of 80 pounds, but during the trials, hereafter referred to, it was reduced 
to correspond to the pressure carried on the trial of the Dexter. The 
machinery was designed by the writer, and built by the Atlantic Works 
(East Boston, Mass. ), the contractors for the vessel complete. 

The Dexter was also built nader contract with the Atlantic Works. 
The engine of this vessel was built from designs of that establishment, 
and is of the inverted type, with a single cylinder, 26 inches in diameter, 
and 36 inches stroke of piston. The cylinder is not jacketed, but is 
carefully felted and lagged. Steam is distributed by a short slide-valve, 

with adjustable cut-off plates sliding on back of same. The condenser is 
located outside the frame, but it and the air and circulating pumps are 


exact dupiieates of those in the Rush. The engine and boiler are de- 


signed to be operated with a maximum steam pressure of 70 pounds. 
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The Dallas was built under contract with the Portland Machine 
Works (Portland, Maine). The engine was designed in that establish- 
ment, and is of the inverted type, with a single cylinder, 36 inches in 
diameter, with 30 inches stroke of piston. The cylinder is not steam- 
jacketed, but is carefully covered with non-conducting composition and ' 
lagged. Steam is distributed by a short slide-valve, with adjustable cut- 
off plates sliding on back of same. The surface condenser is located 
under starboard frames, and has the same condensing surface as those in 
the other vessels. The air and circulating pumps are also substantially 
the same. The maximum steam pressure to be used is 40 pounds. 
The steam jacket on the larger cylinder of the steamer Bache, and 
that on each of the cylinders of the steamer Rush, were supplied with 
steam in the following manner: steam was first admitted to the cavity in 
eylinder cover, from which, by means of a pipe leading from the bottom 
of the cavity, it was conducted to the side jacket, thereby keeping the 
cavity in cover clear of water. The side and bottom jackets communi- 
sated, and the water of condensation was blown from latter into the hot 
well, the flow being regulated, by inspection of a water level, in a glass 
gauge, on a small chamber in the drain-pipe. 
On the Bache, when operated as a compound engine, the stexm 
for the jacket was taken from bottom of steam-chest of wpper cylinder, 
thereby keeping that drained. When the lower cylinder was operated as 
asingle engine, the steam for jacket was taken from main steam-pipe. 
On the Rush, the steain for jackets was taken directly from the boiler. 
oF Conpucrina tHe Exrertmentrs. —Both series of trials 
were made with the vessels secured to the dock. During the experiments 
with the steamer Bache, a double tank of iron (see next page) for 
measuring the water delivered from surface condenser, was placed on 
the main deck, in the gangway abreast of engine, and the feed water 
delivered to same directly by the air pump, through a pipe with flexible 
termination (('), which could be directed over either compartinent 
(A, A‘) of tank. A pipe (#£) with two branches (G@, G') and regulating 
cock (D, D') in each, conducted the water from the two compartments 
respectively, to a tank in the hold, from which the water was withdrawn 
by the engine feed pumps. Each compartment held, by calcalation, 
very nearly 10 cubic feet, at the height of a central overflow partition } 


(B), but the exact capacity was ascertained by weighing water into simne 


of the average temperature of the feed. 


The measurement was mate by filling one compartment, (A) for in- 


stance, till it over flowed into the other (.4'), which had been previously 


emptied ; the supply was then changed to the latter (A'), and when the 


surplus water in first (A) had run off, that compartment was emptied 


and cock on bottom of same closed in time to receive the overflow from 


the other (A'); the operation being repeated alternately with each 


compartment. 


A 


To prevent the misplacing 
of the cocks (Dand D') the 
attendant gave notice to the 
officer of the watch when each 
compartment was nearly full, 
and when the water first broke 
over the partition (7), a sig- 
nal was given and the reading 
of engine-counter noted. A 
comparison of the differences 
of successive readings and the 
constant attendance of two 
persons effectually prevented 
errors. On the next even 
minute after filling a tank, 
the reading of engine-counter 
was again taken; also the 
usual engine-room data, and 
the duration of experiments 
was fixed, so far as measure- 
ments were concerned, by the 
tank intervals, and in respect 
to speed, by the nearest time 
intervals. 

By this plan the officer on 


watch had but one thing to 


do at a time ; the principal calculations were left for office work ; the 


experiment could be held to start and stop at such records as best 


showed the uniformity of condition desired for an experiment, and an 


interrupted run be accurately caleulated wp to the end of the tank 


interval immediately preceding the interruption. 
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The same system, with some slight modification of details, was 
adopted for measuring the feed water during the experiments with the 
revenue steamers. The measuring tank was placed on the hurricane 
deck, for each of these vessels, and one of the engine feed-punmps em- 
ployed to raise the water from hot well to a small tank placed over the 
measuring tank. The water from small tank was distributed in turn to 
each compartment of the measuring tank by means of suitable valves. 

A valve on the bottom of each compartment of measuring tank was 
connected by pipes to the suction of one of the engine feed-pumps, by 
which means the water was returned to the boiler as soon as it was 
measured. Each valve in turn was adjusted to keep the feed substan- 
tially uniform, care being taken to empty one compartment a little 
sooner than the other was filled. 

Each compartment of tank was found by trial to contain 1,129! 
pounds of water, at the temperature of 72> Fahr. In making the ealen- 
lations of the weight of the feed-water, the observed temperatures for 
the several experiments were taken into consideration. 

On each of the vessels one experiment was made of sufficient length 
to determine accurately the evaporative efficiency of the boiler ; and it 
having been shown that the water measurement was substantially the 
same from hour to hour, when the conditions remained uniform, the op- 
portunity was embraced to try a number of experiments of short dura- 
tion, showing the results under varied conditions, using the water 
measurement only. On the steamer Bache previous to the evapor- 
ation trial, a quantity of anthracite coal of fair quality, and of 
ege size, was, in the presence of an officer, measured into a distinet por- 
tion of the coal-bunkers and the remainder of the bunkers boarded up. 
From this measured quantity the coal was taken as required for the fires, 
and each bucket made to balance accurately a fixed weight on a scale. 
The weighing was done by a careful machinist, who had no knowledge of 
the quantity originally measured. 

In the first experiment tried in this way, the two methods of deter- 
mining the quantity did not agree, and the coal measurement was re- 
jected. Upon repeating the experiment there was a very close agree- 

ment, so the weighed quantity Vils adopt “las correct. 
During the experiments with the revenue steamers the coal, which 
was anthracite of fair quality, was broken on the wharf to proper size 


(the vessels’ bankers having been closed and sealed) and filled into bees 


to a certain weieht. 
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The bags were sent on board when ordered by the senior cngineer on 
watch, he making record on the log of the number of bags and the time 
of receipt ; a similar record being made by one of the men on the whart. 
At the end of the hour the number of bags of coal actually put on the 
fire was reported from the fire-room and entered in the appropriate 
column. The several records agreed with each other, and the total 
amount expended corresponded with the total number of bags filled on the 
wharf. The ashes were measured into buckets of which the mean weight 
was ascertained and tallied as they were hoisted out. They were after. 
ward weighed in gross on the wharf, and the two accounts found to agree 
substantially. 

On all the vessels the water level in the boiler was noted every time a 

tank was filled. On the Bache, the water level did not vary appreci- 
ably, as the condenser was quite tight and all leaks were of a trifling 
nature. The same was true on the Dallas. During the trials of 
the Rush and Dexter, the water lost from ordinary causes in the 
circulation to and from the engine and boiler was replaced by 
running hydrant water into the tank that was being filled. The 
nudditional water was therefore measured and charged in the cost. 
j The loss of water was not sufficient to affect the result materially in 
either case. It was greatest in the Dexter, which had been on service. 
The safety valve of this vessel leaked slightly, and there was probably 
some other trifling leak that could not be detected. The namber of 
inches that the water fell in the boiler between the periods of supply 
being shown in the logs, were added together, and from the same and 
known dimensions of boiler the volume and weight lost were ascertained 
quite accurately. The reduction in the number of revolutions per tank, 
when the water was being received from the hydrant, furnished another, 
and, perhaps, still more accurate means of ascertaining the proportionate 
anount lost andreturned. The two methods closely agreed in fixing the 
loss in the case of the Dexter at 4.96 per cent. of the total amount of 
water used, 

On the Bache the coudensed water from the jacket and intermediate 
chamber was collected and weighed in separate vessels, and emptied into 
the compartment of measuring tank from which the boiler was at the 
time being fed. 

\ number of indicators were tested with steam before the trials, and 


a pair selected for use which proved correct by a standard gauge at varying 


pressures. Indicator diagrams were taken every twenty minutes through- 


4 
. 


376 


out both series of trials, and the data for the usual columns of the log, 
except the coal and ashes, every half hour. 

It was found that the pistons of the Dexter and Dallas were tight, by 
removing the cylinder covers and letting on full steam pressure. 

EXPLANATION OF THE Tabies.-—The results of the two series of experi- 
ments are shown in Tables Nos. 1 and 2, hereto annexed. Referring to 
Table No. 1, showing the results of the experiments with the steamer Bache 
it will be observed that the experiments are arranged by the degree of ex- 
pansion, under four general titles, two referring to the engine when com- 
pounded, and two to experiments with larger cylinder, when used separ- 
ately—trials being made in each case at different degrees of expansion, 
with and without using the steam jackets on the larger cylinder. All the 
experiments, except the last, were made with an approximate steam pres- 
sure of 80 pounds. 

The actual performances will be found in lines 46 to 58, inclusive, the 
previous lines showing the several observed and calculated quantities 
upon which the performances are based. The weights of water with- 
drawn from the jackets and intermediate chamber are separately set 
forth, also the percentage which these quantities form of the total water 
used. The water collected from jackets and intermediate chamber having 
heen evaporated in the boiler, is, in all cases, included in making up line 
35, showing the total weight of water used per hour, upon which the 
cost of the power is based. 

Referring to Table No. 2, showing the results of the experiments vith 
the revenue steamers, it will be seen that the general arrangement is 
substantially the same as in Table No. 1. 

The actual performances will be found in lines 53 to 68, inclusive, of 
the table, the previous lines showing the several observed and computed 
quantities from which the performances were calculated. 

On these vessels the evaporation experiments were made at the 
maximum power obtainable with the vessel at the dock. The report 
states : ‘*that the evaporation was fully equal to that obtained in ordinary 
practice, but inasmuch as on land, and occasionally in steamers where 
space will permit, it is the practice to use a slower rate of combustion in 
comparatively larger boilers, thereby increasing the evaporative effect, 
there has been added to the table, for comparison under such cireum- 


stances, lines 69 and 70, showing the performances compared on the 
basis of the water actually used, but with boilers of such proportions or 
using such variety of coal that the evaporation will equal nine and ten 
pounds, respectively, per pound of coal.” 


| 


Designation 
3 
4 


Performan 


Performan 


Performan 


| 


TABLE NO, 


of Runs..... 


Steam Cut-off and 


Vacuum and Barometer.. 
| Temperatures (Fahren- 
heit Scale)........... 
t Revolutions... ....... ... 
| Indicator Diagrams...... | 
) 
j 
> Water 4 


Coal and Refuse......... 


ce of Engine.. 


and Boiler........... 


ce of Boiler... 


f 
| 
| 
\ 
) 
ce of Engine | 
| 
| 


i, 


MANNER IN WHICH ENGINE WAS OPERATED. 


Average steam pressure in boiler.. Ibs. 
“cut-off in fractions of stroke...... ..........- 
Average vacuum in condenser....... inches 
Average initial pressure in cylinder above atmosphere... Ibs. 
total initial pressure in cylinder.............. 
“back pressure above atmosphere at beginning of stroke, 
_ total back pressure at half stroke, large cylinder.......... ” 
Indicated horse-power (effective) 
TotalSweight of water received from hot well .............. Ibs. 
ad * small chest and steam jacket.. 
Water per hour as ascertained by measurement .... .... .... Ibs. 
2 
ic 
z_, Percentage of total water received from jacket and small chest..... 
“ intermediate chamber. .... 
os 
> = + jacket,chest& “ 
os 
|* * “accounted for by indicator.............. 
Average coal consumed per hour 
Coal consumed per square foot of grate per hour..... ............- = 
Water per indicated horse-power per hour by measurement........ Ibs. 
Coal per indicated horse-power per Ibs. 
Combustible per indicated horse-power 


No. lbs. water evap'd per Ib. coal at observed pressure and temp.. .|bs. 

Equivalent evaporation from atmospheric pressure and temp. 100°.. 
” ” ” , ” ” 212°... ” 

No. lbs, water evap’d per lb. combustible at obs’v'd press. and temp.. m 

Equivalent evaporation from atmospheric pressure and temp. 100°...” 
” ” ” 212°... 


SHOWING THE RESULTS OF EXPERIMENTS WITH THE STEAM MACHINERY OF THE U 


COMPOUND, WITHOUT USING STEAM JACKET, BUT 
DRAINING INTERMEDIATE CHAMBER. 
1 2 3 
8 7 6 
May 14. May 14. May 14. 
1.833 2.066 2.133 
82.00 80.25 ).3125 
231 503 335 | 405 779 
3.75 9.146 2.73 | 6.658 2.31 | 5.634 
24.00 24.321 24.656 
30.00 30.00 30.00 
14.72 14.72 14.72 
96.00 96.00 96.00 
84.00 86.33 86.33 
62.00 62.00 62.00 
87.00 92.00 91.33 
98.00 100.00 105.33 
5 “5912 6305. 
2555 2861.56 2955.93 
47.6927 19.2655 
75.00 76.33 | 2.458 73.00 | 3.9 
89.72 91.05 17.178 87.72 | 18.62 
24.345 30.47 9.18 $2.32 | 10.02 
28.505 9.52 | 5.97 2.42 6.02 
34.801 8.153 9.7588 45.137 | 11.275 
2.25 2.25 | 2.25 
Both. | Both. Both 
35.586 55.928 49.85 | 77.06 5332. | 85.81 
Both. Both. Both. 
34.82 49.548 48.874 | 69.812 52.434 | 
2391.00 3586.50 4184.25 
2427.00 3665.50 246.25 
4678. 5909. 6301 
1.826 2.0649 2.132 
1329.13 1775.14 1991.67 
862.046 | 710.228 1207.6 | 948.82 1318.97 | 1059.45 
015 0215 014 
O15 .014 
64857 | 53435 68028 | 5345 66224 | 531 
23.7 23.036 23.21 
15.413 | 12.699 15.671 | 2.312 15.371 | 12.346 
26.8251 25.3887 : 
~~ Calculated Calculated. Calculated. 
2.602 2.53 2.541 


| 
4 


BUT 


S$. COAST SURVEY STEAME 


AT BALTIMORE, 


MD., IN MAY 


1874. 


(FOR DIMENSIONS OF ENG 


COMPOUND, USING STEAM JACKET, AND DRAINING INTERMEDIATE CHAMBER. s 
4 5 6 7 8 9 10 
5 at : 3 2 ist Evap. 2d Evap. I 
May 12, May 12. May 12. May 12. May 14. May 15, May 12 
; 1.733 2.066 1.933 1.983 7.066 15.233 2.00 
H. P. Cyl. | L. P. Cyl Cyl Cyl. | L. Cyl. Cyl. | L. P. Cyl. HOP. | L. P. Cyl. HP. Cyl. | Cyl. | LP. Cyl. 
81.375 80.333 80. 214 80.125 79.96 79.7 79.1 
108 | 820 .229 831 318 .831 396 | 203 B22 A519 | 735 795 
691 | 16.85 > a | 9.19 2.86 6.975 2.35. | 5.732 2.34 5.707 2.09 5.097 174 | 4.24 
24.50 26.50 26.50 26.562 26.115 24.39 26.5 
30.34 30.34 30.34 30.34 30.00 29.15 30.34 
14.89 14.89 1 1.80 14.89 14.72 14.31 14.89 
80.00 78.00 75.33 83.80 85.06 76.66 
60. 60.00 60.00 61.90 60.00 
79.00 78.50 79.66 90.20 80.66 
104.00 103.00 102.00 106.60 115.33 
5973. “6168. 6705. 23568. 7268. 
2891.09 3190.89 3381. 3335.4 3634. 
48.185 53.1815 56.34 55.59 60.56 
| 4.00 7858 625 8.66 75.32 8.96 13.62. 
92.015 18.89 93.47 21.14 90.30 23.55 90.04 23.68 28.51 
27.39 11.89 33.72 12.93 38.30 14.25 36.95 14.31 16.89 
30.03 4.89 36.29 4.89 35.05 4.29 40.94 5.02 | 4.89 
24.484 10.341 35.39 13.014 42.34 | 14.484 42.938 15.88 45.3748 13.961 19.34 
75 2.25 05 2.25 | 225 | 225 
Both. Both. Both. Both Both. Both. 
22.852 | 46.4 40.87 | 77.458 54.06 | 99.181 58.086 | 110.514 60.562 | 106.028 65.911 134.53 
Both. Both. Both | Both. Both 
40.005 | 70.335 53.104 | 91.216 57.068 102.069 59.5617 | 97.7014 * 65.112 125.75 Jt 
2088.75 3586.50 4184.25 15302.40 5379.75 
235.25 199.00 209. 232.00 
91.00 98.00 70.50 249.00 599.25 77.00 
3315.00 3883.50 4463.75 16440.65 3484.75 5688.75 
5974. 6145. 6706. 23547. 49001. 7259. 
2.06631 1.9258 1.954 7.059 15.230 1.9975 
1604.31 2016.56 2284.42 2329.03 2288.558 2847.9 
673.673 | 857.824 1002.47 | 1220.86 1485.23 | 1464.9 1778.07 | 1710.17 1681.00 | 1696.95 1518.76 | 1485.66 2323.1 | 2180.61 
-065 .070 051 046 054 -040 - 
OAT 025 O15 015 016 O10 
112 -100 O76 061 -069 072 .050 
57964 | 73809 68095 | 76067 73651] 72648 17835| 74888 72176. | 72850 66363 | 6491681572 | 
2 20.7133 2 20.3648 21.9661 22.3798 21.169 
14.553 | 18.532 14.104 | 15.756 14.97 | 14.769 15.851 | 15.251 15.854 16.004 14.852 14.528 17.268 | 16.209 
28.698 22.107 21.9989 28.8385 24.287 
‘Calculated. Calculated. Calculated. Calculated. Actual. Calculated. C 
2.749 2.227 2.230 2.405 2.451 2. 


id. 
L. P. Cyl. 
25 
5.634 
) 
) 
55 
3.9 
18.02 
10.02 
6.02 
11.2756 
2.25 
“Both. 
85.81 
Both. 
5 
j 
1059.45 
4 
53194 
12.346 
ated. 


U. S$. COAST SURVEY STEAMER 
COMPOUND, 
5 
5 4 
May 12, May 1. 
1.7338 2.066 
Cyl. H. P. Cyl. | L. P. Cyl. H. P. Cyl. | L. P. Cyl 
81.375 80.333 
779 .108 820 229 831 
634 6.91 | 16.85 3.77 | 9.19 
4.50 26.50 
30.34 30.34 
14.89 14.89 
60.00 60.00 
£2.00 79.00 
110.00 104.00 
5973. 
2891.09 
48.185 
77.125 | 4.00 
92.015 | 18.80 
27.39 | 11.89 
30.03 | 4.89 
5.000 | 
3.050 
35.39 | 13.014 
| 2.25 
th. Both. Both. 
81 22.852 | 40.87 77.458 
th. Both. Both 
H7 22.162 | 40.59 40.005 | 70.335 
1793. 2088.75 
1 235.25 
91.00 
2021.25 3315.00 
4047. 5974. 
1.735 2.06631 
1164.9 1604.31 
45 673.673 | 857.824 1002.47 | 1220.36 
065 070 
OAT 
112 
53194 57964 .73809 68095 | 
25.1082 20.7133 
B46 14.553 18.532 14.1 | 15.75# 
28.698 22.8095 
Calculated. ~~ Calculated. 
2.749 2.268 


AT BALTIMORE, MD., IN MAY 1874. (FOR 


USING STEAM JACKET, AND DRAINING INTERMEDIATE CHAMBER 


6 7 8 9 
3 2 __ast Evap. 2d Eva 
May 12. May 12. May 14. May 1 
1.933 1.983 7.066 15.23 
H. P. | L. P.Cyl. Cyl. | L. Cyl. HEP. Cy). | L. P. Cyl. P. Cyl. | 
80. 214 80.125 79.96 79.7 
318 831 396 | 803 B98 B22 4519 
2.86 6.975 2.35 | 5.732 234 =| 5.707 2.09 
26.50 26.562 26.115 24.39 
30.34 30.34 30.00 20.15 
14.89 14.89 14.72 14.31 
80.00 76.66 83.70 “90.00 
78.00 75.33 83.80 85.06 
60.00 60.00 61.90 64.66 
78.50 79.66 90.20 92.55 
103.00 102.00 106.60 
6168. 6705. 23568. 49008, 
3190.89 3381. 3335.4 3217.2 
53.1815 56.34 55.59 53.6% 
6.25 8.66 75.32 8.96 74.47 
21.14 23.55 90.04 23.68 88.78 
12.43 14.2 36.95 | 1431 34.40 
4.89 4.29 40.94 5.02 37.69 
14.484 15.88 45.3748 43.0608 
225 225 ‘7 225 15 
Both. Both ~ Both. 
54.06 | 99.181 110.514 60.562 | 106,028 
| Both. Both. Both. 
53.104 91.216 102.069 59.5617 | 97.7014 
3586.50 4184.25 15302.40 
199.00 209. 
98.00 70.50 249.00 
3883.50 4463.75 1640.65 
6145. 6706. 237. 
1.9258 1.954 7.059 
2016.56 2284.42 2329.03 
1485.23 | 1464.9 1778.07 | 1710.17 1681.00 | 1696.95 
046 054 
025 O15 015 
61 


72643 


20.332 21.9661 
14.974 14.769 15.851 15.251 15.854 16.004 
22.1074 21.9989 23.8385 24.2 
Calculated. Calculated. Calculated. Actu: 
2.227 2.230 2.405 2.4 


73651 | 77835 | .74888 -72176 | T2850 66363 | 


(FOR DIMENSIONS OF 


AMBER. 
9 10 
2d Evap. I 
May 15, May 12. 
15.233 2.00 
yl. | 1. P. Cyl. P. Cyl. | L. 
79.7 79.1 
2.09 5.007 { 1.74 | 
24.39 26.5 
20.15 30.34 
14.31 14.89 
90.00 78.00 
85.06 76.66 


~ Both. ~ Both. 
4372 102.263 65.911 134.53 
Both. Both. 
47160 94.23 125.75 
5379.75 
232.00 
77.00 
5688.75 
7259. 
1.9975 
2847.9 
2323.1 180.61 
040 
016 010 
O72 
66363 | 64916 81572 76569 
3818. 
250.04 
19.8 
201.01 
22.3798 21.169 
14.528 17.268 16.209 
24.287 
Actual. ~~ Calculated. 
2.451 2. 
2.060 
1.966 
_ 2.133 
9.131 
9.206 
10.281 
11.385 


ENGINE AND BOILER, 


USING STEAM JACKFT. 


11 

14 
May 18. 

1.80 


Large 
81.00 
ONS 
11.82 
24.00 
29.83 
14.64 
86.3 
84.66 
66.00 
96.66 
133.66 
4025. 
2236.11 


37.2685 


993.364 


Cal ale 
3.841 


Cyl. 


42 13 
13 12 
we 
83 
lates Large 
79.62: 78.11 
“096 .155 
7.62 5.32 
23.78 

29.83 29.83 

86.75 86.00 
84.00 83.33 
66.00 66.00 
94.25 93.00 
131.50 As 29.33 

5345. 0. 
2695.41 2824.39 

44.923 47.073 
76.1 72.75 
90.74 87.39 
12.34 15.80 
8.04 9.89 

"4400 4.400 
27.273 82.328 
2.25 2.25 
71.75 89.141 
65.83 82. 93 

4184.25 “4782.0 

120° 

4186.25 4794.0 

5314. 5787. 

1.971 2.0489 
2125.0 | 2339.7 | 
1179.22 1546.81 

0005 | -002 
| 002 
55492 


Calculated. Calculated. 
3.243 2.874 


SI NGLE ENGINE, WITHOUT 


SEE SEPARATE TABLE.) 


SINGLE ENGINE, USING STEAM 


JACKET. 
14 15 16 
May 18. May 18. May 18. May 18. 
2.10 1.683 2.116 1.883 
Large Cyl. Large Cyl. Cyl. 
80.833, 81.071 
042 .08 “437 
24.66 25.285 25.52 | 24.00 
29.83 29.83 29.83 29.88 
146414. = 4.64 
85.00 84.66 75.25 85.00 
81.00 80.33 74.7 | 83.00 
66.00 66.00 66.00 66.00 
91.00 95.00 93.75 | 100.50 
121.33 120.66 117.00 137.50 
~ 5030. 4671. ~ 6836. 5116. 
2395.24 2774.9 3230.62 2716.94 
39.9206 46.248 45.282 
74.16 75.5 76.1 26.9 
88.80 90.14 90.74 41.54 
10.56 11.7% 16.64 16.84 
7.84 | 7.64 9.08 
23.449 | 27.54 36.94 25.159 
2.25 225 
54.838 74.618 116.015 66.7 
49.574 68.518 109.87 60.809 
2988.75 2988, 75 5379.7! 4184.25 
126.25 55.00 127.00 64.35 
14.0 8.30 33.00 4.65 
3129.0 3052.05 5539.75 4253.28 
5041.0 3831. 6870. 5090. 
2.1046 1.698 2.142 1.873 
1486.74 1797.4 2686.25 2270.83 
900.29 | 1162.25 1885.67 1604.7 
| 018 015 
004 | .006 .001 
.0207 016 
60554 64663 70197 .70668 


08 3.1 
15.576 16.253 24.045 
26.23 24.56 87.8683 


Calculated. 
2.969 


P. Cyl. 
64.66 60.00 : 
92.53 80.66 
125.26 115.33 : 
49008. F268. 
3217.22 3634. 
1.47 7.52 72.41 13.62 74.3 : 
3.78 22.83 87.30 28.51 88.94 
1.40 12.93 47.05 16.89 10.74 * 
7.69 6.26 42.89 4.89 8.84 
3.0608 14.908 45.33 19.34 21.643 
75 2.25 75 2.25 2.25 a 
47.24 : 
42.329 
2088.75 
2995.75 
4035. 
1.808 
1656.94 
-002 
59951 
35.075 20.616 | || | ; 
21.028 17.755 | 17.352 16.418 
2 2° 280 28.21 29.99 
Calculated.) Calculated. Calculated. 
2.638 2.535 3.726 


TABLE NO. 2, SHOWING THE RESULTS OF EXPERIMENTS WITH THE STEAM MACHINE 


MADE AT THE U. S. NAVY YARD, BOSTON MASS. IN AUG! 


— 
Small. Large. 
4) Ratio of displacement to clearance and 07887 05849 
10 Designation of Ex- | NUMBER FOR REFERENCE......... 1 2 
H. P. Eng. | L. P. Eng. |H. P. Eng. | L. P. Eng., 
12 } \ DATE OF EXPERIMENT......................1874 Aug. 3 to 6. Aug. 6. | Aug. 17 
< | 
13 DURATION OF EXPERIMENT hours 55 6 2.9166 
14 f Average steam pressure in’ boiler... Ibs. 68.70 
16 ont cut-off in fractions of stroke.......... ....... -35995 A652 | 5976 5292 | 1827 
| Both | Both, 
17 J) Ratio of expansion ............ 2.4586 6.2157 | 1.5948 4.0801 4.4573 
18 { 3 ,) Average vacuum in condenser = 26.495 | 26.21 25.862 
21 ) f Average te mporature oxteraal degrees 66.23 66.00 67.66 
22 | engine room........ 87.86 84.23 78.428 
24 renheit Scale)..... ii 2 me discharge water... 90.54 B.77 99.857 
26 \| > temp. feed water from tanks.... 114.04 
Revolutions... .....-. Average vad per hour......... 4250.42 33: 3389.83, 
30 } { Average initial pessure in cyl. above atmosphere. .Ibs, 67.467 8.65 35.4473 7.1842 65. 613 
3! | total initial pressure in cylinder........ 82.2792 23.4622 50.2453 21.9822 80.434 
a2 terminal ind 29.4412 9.222 27.8506 9.1664 15.344 
} Portion stroke where cushion press. were measured... Full....... 9005 Full....... 
{Indicator Diagrams; Maximum, Maximum. 
%5 1| |Av erage back pressure in cylinder................. Ibs. 9.50 3.4611 8.2305 3.415 3.4487 
36 | - mean effective pressure in cylinder. . ae 29.6848 12.7246 18.8818 12.2997 34.439 
87 | total pressure in cylinder............ ’ 39.1848 16.1857 27.112 15.7147 37.8877 
$8 J Estim: ated friction pressure......... 2.5 15 2.5 1.5 3.00 
39 ) { Indicated horse-power (effective) 127.918 68.717 168.652 185.872 
| | oth. Both. 
| Both. 
41 | 127.918 304.254 63.717 197.787 204.485 


[CONCLUDED ON NEXT PAGE.] 


ACHINERY OF THE U. S. REVENUE STEAMERS ‘RUSH,*° 


N AUGUST 1874. (FOR FURTHER PARTICULARS SEE TE 


“DETER.” 


HIGH PRESSURE, CONDENSING. 


‘*DEXTER,'’ 


**DALLAS,”* 


AND 


LOW PRESSURE, CONDENSING. 


4 5 6 7 8 9 10 11 12 13 14 
Cc. Long run, D. G. F, E. K. Long run H. 
Lug. 17 Aug. 17. Aug. 14-16. Aug. 17 Aug. 17. Aug. 17 Aug. 17, Aug. 23. Aug. 23 Aug. 20-21. Aug. 23 Aug. 23. 
2.9166 1.4166 34.5 0.650 1.3166 1.200 0.9166 1.5166 1.550 31 1.60 1.5333 
68.71 69.286 67.12 66.42 40.625 39.9 41.875 35.40 35.286, 31.96 33.7 27.40 
4.4573 3.6688 3.489 2.7239 3.3377 2.4232 2.0845 5.0674 3.8936 3.1341 2.9358 2.3176 
25.862 25.187 25.45 25.310 26.10 26.00 25.541 26.08 26.00 25.20 25.363 24.790 
30.195 30.195 30.143 30.195 30.195 30.195 30.195 30.080 30.080 20.997 30.080 30.080 
14.821 14.821 14.796 14.821 14.821 14.821 14.821 14.765 14.765 14.7245 14.765 14.765 
67.66 64.2 63.37 66.285, 66.33 | 67.00 67.00 72.00 74.35 72.66 69.833 
78.428 79.6 82.27 85.428 86.00 86.00 55.66 76.80 88.20 76.83 73.166 
66.00 65.00 63.66 65.859 67.66 66.66 67.00 68.00 68.75 66.00 67.666 
99.857 104.8 102.45 100.14 99.66 95.66 99.00 100.00 98.93 108,50 108.66 
115.74 121. 113.60 119.28 107.33 108.66 117.33 122.00 128.41 128.66 134.00 
SRT. 5466. 126408. 2840. 4017.00 3338. 4430. 524. 114426. 6190, 5839. 
389.83 3858.35 3663.85 4369.23 3050.88 3641.45 2920.88 3415.48 3691.16 3868.75 3808.04 
56.497 64.3059 61.0642 72.8205 50.8481 60.6909 48.6813 56.9248 61.5193 64.4791 63.4674 
65.613 a ; 64.500 64.4095 37.50 38.812 32.14 32.275 31.8587 | 31.095 24.666 
80.434 79.321 79.2055 76 52.321 53.633 46.905 47.040 46.5832 | 45.860 39.431 
15.344 17.642 16.8746 21.633 13.134 19.008 9.475 11.869 12.6810 | 14.008 14.771 
7.503 8.536 8.267 10.321 6.258 9.196 5.065 5.194 6.1595 | 5.875 6.182 
3.4487 3.7317 3.6550 5.2710 3.1570 3.6347 4.3137 2.9730 3.3678 3.9073 4.1101 4.0911 
34.439 87.1274 37.5376 42.0285 25.5826 30.6649 33.8385 18.5215 21.4471 23.5255 24.6107 24.1264 
37.8877 40.8591 41.1926 47.2995 28.7306 34.2006 38.1522 21.4945 24.8149 27.4328 28.7208 28.2175 
3.00 3.00 3.00 3.00 3.00 3.00 3.00 i 2.5 2.5 2.5 2.5 2.5 
185.872 2VEOTT 218.972 292.370 124.267 161.848 196.187 137.962 186.805 221.447 242.807 | 234.295 
169.680 205.348 201.472 271.501 109.694 146.015 178.794 119.340 165.080 197.915 218.137 | 210.017 
204.485 251.001 240.293 329.038 139.602 181.032 221.197 160.107 216.139 258.228 283.357 274.024 


TABLE NO. 2, 
10 | Designation of NUMBER FOR REFERENCE......... 
42 Total weight feed water measured,............ Ibs. 
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‘The relative performances shown decimally in lines 73 to 80, in- 
elusive, with different experiments as unity, will be found convenient for 
comparison.” 

Annexed will be found specimens of the indicator diagrams taken 
during the principal runs of both series of trials. 


Discussion OF THE Resvuxits.—The foregoing statement necessarily 


involves so many details that we add, as convenient for reference from 


time to time as we proceed’ with the discussion, a recapitulation of the 
distinguishing features of the engines tested, and of the general scope of 
the two series of investigations. 

1. The Coast Survey steamer Bache was provided with a com- 
pound engine of the steepled type (that is the small cylinder was arranged 
above the other, and the pistons hada common rod). The larger cylinder 
was steam jacketed, and so arranged that it could be operated indepen- 
dently, using steam of the same pressure and with the same degree of ex- 
pansion as when both cylinders were working together as a compound 
engine. ‘Trials were made of the two systems of workizg, both with the 
steam-jacket in use and when same was disconnected, and the amount 
of water collected from the jackets and intermediate chamber was 
separately weighed and noted. All the experiments, except one, were 
made with an approximate steam pressure of 80 pounds, and with differ- 
ent degrees of expansion for each system of working, with and without 
use of jacket. The indicated power was measured, also the cost of the 
same in steam (shown by the weight of feod-water used). The evapora- 
tive efficiency of the boiler was also determined. 

2. One of the revenue steamers, the Rush, was provided with a 
compound engine, constructed on the ‘‘fore and aft” system (that is the 
cylinders were at the same level, and in this case the pistons were con- 
nected to cranks at right angles). Both cylinders were steam-jacketed. 
The other two revenue steamers, viz., the Dexter and Dallas, had 
non-compound engines, with un-jacketed cylinders. The compound 
engine of the Rush was operated in two different runs at the approx- 
imate steam pressures of 70 and 40 pounds. The single engine of the 
Dexter was operated with the same steam pressures and at different 
degrees of expansion for each pressure. The engine of the Dallas 
was operated at an approximate steam pressure of 35 pounds, and at 
different degrees of expansion. The boilers were all su stantially 
similar. The performance was obtained by measuring the indicated 


power and its cost in steam, as shown by the weight of feed-water 
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used. The evaporative efficiency of the boilers was also ascertained 
during the longer experiments. 

From the two series of experiments may be gathered the following 
information, viz. : 

1. The saving by the use of a steam-jacket on the eylinder of a non- 
compound engine, and the larger eyvlinder of a compound engine. 

2. The relative saving that may be obtained by the use of a compound 
engine. as compared with a single engine, operated at the same or a 
different steam pressure, or at the same or a different degree of ex- 
pansion. 

3. The probable value of a steam jacket on the smaller or high-pres- 
sure cylinder of a compound engine. 

4. The influence which the size of a steam cylinder has upon the 
economy of fuel. 

5. The relative cost of the power, at different steam pressures, in 
compound and non-compound engines, 

6. The most economieal point of cut-off for the steam pressures em- 
ployed.* 

1. Tue ApvanraGes orf THE Steam Jacker—(1 A). Referring to 
Table No. 1, and comparing the minimum costs for each method of work- 
ing, we find that the single cylinder of the Bache when operated without 
the steam-jacket required (Exp. 13, line 46), 26.247 pounds of feed water 
per indicated horse-power per hour, and that with steam-jacket in use 
there was required (Exp. 16, line 46) but 23.154 pounds, showing that the 
saving by the use of the steam-jacket on a single cylinder engine worked 
at its most economical point of cut-off is 11.78 per cent. With more ex- 
pansion, as shown by comparing the previous experiments for each 
method of working the jacket produces a greater saving, but the steam is 
in all cases being cut off too short for maximum economy, as will be dis- 
cussed hereafter. 

(1 B.) When the engine of the Bache was operated as a compound en- 
gine, with steam-jacket not in use, experiment 2 shows a cost of 23.036 
pounds of water per I. H. P. per hour, and experiment 6 with steam- 
jacket in operation, a cost of 20.332 pounds. The saving in steam by the 
use of the jacket on the larger cylinder of a compound engine is then 


shown to be 11.73 per cent. 


* The 


above subjects are discussed in the order named, and paragraphs to which it may be 
desirable to refer, are designated by letters affixed to the numbers referring to the subjects. 
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2. SAVING BY USE OF Compound EnGrne.—(2 A). The minimum cost of 
the power with the single cylinder of the Bache and steam-jacket in use, 
experiment 16, is 23.154 pounds, and with engine compounded and steam- 
jacket on large cylinder in use, experiment 6, it is 20.332 pounds, so the 
compound engine was operated with a saving of 12.19 per cent. in this 
case, as compared with the single engine. 

(2 B.) The above experiments were made at the same steam pressure, 
but with a less degree of expansion in the single engine. the steam being 
expanded nearly seven times (6.975) in the compound engine, and but 
little more than five (5.11) times in the single engine. With the steam 
expanded eight and one-half times (8.57) in the single engine (Exp. 15), 
the cost is 24.088 pounds using the same steam pressure, so the compound 
engine shows a saving compared therewith of 15.6 per cent. The differ- 
enee increases as the expansion is increased in the single engine. 

(2.C.) The minimum cost of the power with the single cylinder and 
steam-jacket not in use, experiment 13, is 26.247 pounds, and with en- 
gine compounded, without steam-jacket, experiment 2, it is 23.036 
pounds, so without using steam-jackets in either case, the compound en- 
gine operated with a saving of 12.23 per cent. as compared with the 
single engine. 

(2 D.) With steam-jacket in use on larger cylinder of compound en- 
gine, experiment 6, and not in use on single engine, experiment 13, 
the costs as before stated, were respectively 20.332 and 26.247 pounds, 
showing a saving by the use of the former under conditions stated of 
22.54 per cent. 

(2 E.) In the experiments with the revenue steamers it will be seen 
(Table No. 2, line 76, Exp. 1 and 3) that the relative costs of the power 
in the compound engine of the Rush with both cylinders jacketed, 
and in the single engine of the Dexter, with un-jacketed cylinder, 
were as 0.7706 to 1, corresponding to a saving by the use of the com- 
pound engine with both cylinders jacketed, as compared with an engine 
with single un-jacketed cylinder, of 22.94 per cent., or practically the 
same as shown on the Bache with only the larger cylinder of the com- 
pound engine jacketed. 

(2 F.) Assuming that a steam-jacket on the single cylinder of the 
Dexter would have reduced the cost in the same proportion that it did 
in the Bache, viz., 11.78 per cent., the cost of the power in the single 


cylinder engine which was 2.77 per cent. greater than in the compound 


engine (Table No. 2. line 74, Exp. 1 and 3) would have been reduced 
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(12.977 < 11.78=) 15.29 per cent., and the relative costs would have 
been as 1 to 1.1448, equivalent to a saving of (1.1448—1 >” 100 
1.1448 =) 12.65 per cent., by the use of the compound engine with jack - 
eted cylinder, as compared with the single engine with jacketed cylinder. 

As above stated (2 A), the experiment with the Bache showed a 
saving of 12.19 per cent. under similar conditions. 

The experiments do not furnish conclusive information as to what the 
relative performances of compound and non-compound engines of larger 
sizes would be. It seems probable, however, that in such case the com- 
pound engine would show still greater advantages. 

In the revenue experiments above cited (2 E), the saving of 22.94 
per cent. was reduced to 12.65 per cent. (2 F), by assuming that a steam- 
jacket on the cylinder of a single engine would save as much as it did on 
the Bache which is not probable, for the reason that the cylinder of the 
Dexter was larger than that of the Bache, and it is an evident fact that 
the ratio of capacity to jacket surface decreases as the size of the cylinder 
is increased. * 

This reasoning does not apply to the experiments made on the 
Bache with the same engine operated on both systems, but in that 
ease the compound engine was not constructed for maximum economy, 
while the cylinder used for the single engine was probably as good as 
could be made. The latter was thoroughly steam-jacketed at sides and 
in bottom and cover. It also had large cylinder ports, and the minimum 
amount of space in clearances and passages. Tight pistons were used in 
all cases. 4 

When the engine of the Bache was used as a compound engine, the 
upper cylinder, though well felted and lagged, was necessarily exposed to 


more refrigerating influence than in compound engines on the ‘fore 


* To settle the question as to the economy of the steam-jack°t on a single engine of prac- 
tically the same size as the compound engine of the Rush, arrangements are being made 
for a series of trials on a revenue steamer recently completed, the “Gallatin” which has 
machinery adapted for the purpose. 

+ It will be interesting to add that the direct steam connection for large cylinder of the Bache 
was originally designed by the writer as an auxiliary arrangment to be used in case of 
accident to the other cylinder, aud the drawing provided therefor, a pipe of the same size as 
that for the upper cylinder. The contractors, Messrs. Pusey, Jones & Co., of Wilmington, 
Del.. voluntarily increased the size of this pipe so that the two systems could be fairly tested 
in the same apparatus, though the duties of the vessel were such that it was not convenient to 
make the trial till about $4 years after. This same firm, shortly after the construction of the 
Bache, built also the first of the long stroke high-pressure engines which revived the in- 
terest in that system, and I observe that they applied the steam-jacket to the cylinder and con- 
nected the cylinder to frames, through legs cast on former to hinder the transmission of heat 


to latter, the same as was povided for in drawings furnished for the engine ot the Bache. 
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and aft” system. The omission of the steam-jacket on the small cylin- 
der may also have occasioned some slight loss, which subject is discussed 
hereafter. These disadvantages were considered in the first instance as 
of less consequence than the saving of space, &e., accomplished by 
adopting the system in that particular location, but in making a com- 
parison of compound and non-compound engines, it is proper that they 
should be considered, 

Both series of experiments appear to show then that the compound 
engines were at least not tried at any advantage as compared with the 
single engines ; on the contrary, the indications are that still greater 
comparative economy would be shown by the compound system in larger 
engines. 

3. Vauue or Cyursper Jacker.—These experiments appear 
also to corroborate the views held by the writer at the time (1870), the 
engine of the Bache was constructed viz.: that the steam-jacket on 
the smaller or high pressure eylinder of a compound engine, working 
with the ordinary degree of expansion, was, contrary to the views of 
Rankine on the subject,* of comparatively little value. 

(3.A.) ‘The experiments with the compound engine of the Rush, 
where both cylinders were jacketed, compared with the single engine of 
the Dexter with un-jacketed cylinder showed a saving (see 2 E) of 
22.94 per cent., and in experiments on the Bache, the compound en- 
gine with jacket of large cylinder showed a saving, compared with single 
evlinder used without jacket (see 2D) of 22.5t per cent., so the adds 
tional jacket on the small cylinder of the Rush did not sensibly affect 
the comparison on this busis. 

(3 B.) On the Bache we find that the saving by the use of a com- 
pound engine with large cylinder jacketed, as compared with a single 
cylinder used with jacket, is (see 2 A.) 12.19 per cent., and by indirectly 
comparing the performance of the Bache and the revenue steamers, the 
compound engine of the Rush with both cylinders jacketed, shows a 
saving (see 2 F) of 12.65 per cent. The saving by the jacket on the 
small cylinder could not then be more than (12.65-12.19=) 0.46 per cent. 
It is probable, however, that in compound engines constructed on the 
**fore and aft” system, the steam-jackets on both cylinders heat the in- 
termediate steam as it passes from one cylinder to the other, and thereby 


reduce the cost of the power, 


* Rankine on ** The Steam Engine,’ Art. 286, 
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(3 C.) The opinion as to the relative value of the steam-jackets on the 
two cylinders of a compound engine was founded upon the views of the 
writer expressed in print as early as 1866-7, which were in substance, 
that the great difference between the theoretical and practical perform- 
ances of the steam-engine could be satisfactorily accounted for by the 
differences of temperature to which the interior surfaces of the cylinder 
are practically subjected. The metal of the cylinder is cooled by the 
exhaust steam and must be reheated during the next stroke, which causes 
condensation of part of the incoming steam ; the resulting water is re- 
evaporated, partially during the expansive portion of the steam stroke 
Imt mostly during the next exhaust stroke, thereby cooling the cylinder 
again, and the result is to transfer heat (by the alternate condensation 
and re-eyaporation described) directly to waste in the atmosphere or 
condenser. * 

A full discussion of this branch of the subject would oceupy too much 
space in this paper. It was considered that the range of temperature in 
the smaller cylinder of a compound engine is generally less than in the 
large cylinder and, moreover, that any heat transferred (so to speak) 
past the pistons of the smaller engine would do useful work in the second 
cylinder. These views are apparently sustained by the experiments, but 
it should not be assumed that the jacket is of less value simply because 
high-pressure steam is used in the small cylinder, and that, therefore, a 
jacket is unnecessary on a high-pressure condensing engine. Quite the 
contrary is true, for in such case the interior surfaces of the cylinder are 


It had previously been suggested that a portion of the loss could be accounted for in the 
manner indicated. The writer, after reading the account of Tyndall's experiments, showing 
gle facility with which aqueous vapor radiated and absorbed radiant heat, and finding by cal- 
enlation that it was necessary to heat and cool the metal of a cylinder during each stroke, but 
a very small distance below the surface to occasion all the loss observed, became convinced 
that nearly all the loss could be accounted for in this way, and it occurred to him that if the 
interior walls of the cylinder were made of non-conducting material, the loss would be greatly 
reduced. Accordingly experiments were made by the writer in 1866. which have been re- 
ferred to in several publications. The following brief description appeared in an article on 
Compound Engines in the American Artizan of March 8th, 1871. 

**The nature of the loss was proved in the following manner : I constructed two cylinders 
of like dimensions, one of glass, the other of iron, in such a manner that either could be at- 
tached to a valve which regularly admitted steam from a boiler to the cylinder and permitted 
its exhaust into a condensing coil lying in a tub of water.” 


“The capacities of the two cylinders were made exactly the same, as was shown by transfer- 
ring water from one to the other. When put in turn in the condition of a steam-engine cylin- 
der, the iron cylinder used (averaging the experiments) fully twice as mach steam as the lass 
one, shown by the fact that twice the quantity of water came through the condensing coil for 
the same number of movements of the valve. Steam of the same pressure was used in both 
cylinders, and the experiments were many times repeated with substantially the same results.”’ 
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exposed to a variation of temperature equal to that in both the cylin- 
ders of a compound engine, and the jacket becomes of the greatest im- 
portance, 

(3 D.) It is probable that the steam-jacket produces economy by dry- 
ing and superheating the steam near the heated surfaces. If this be 
done promptly the heat imparted to the steam assists in performing use- 
ful work during the expansive portion of the stroke. Even during the 
exhaust stroke the dry steam near the surfaces of the cylinder will absorb 
very little heat compared to that required to evaporate particles of water 
which are always present when no jacket is used. The dry steam can 
only absorb heat at a rate proportioned to its specitie heat, which is less 
than half that of water. The watery particles will take up both sensible 
and latent heat, or, for equal weights under actual pressures used, about 
two thousand times as many heat units as the dry steam. Could the 
steam in a eylinder be discharged simply saturated or slightly super- 
heated, either by previous superheating or the use of efficient steam- 
jackets, the loss would be very small. At high expansions this is im- 
practicable. Some water is always present and in its evaporation cools 
the metal surfaces somewhat, and it is always better to resupply the heat 
from the steam-jacket than by condensation of incoming steam, as in the 
latter case the resulting water of condensation remains in the cylinder 
and causes increased losses in manner previously indicated. 

From these considerations it may be inferred that steam-jacketed cyl- 
inders would be most efficient of comparatively small diameter and long 
stroke, to obtain as much surface in proportion to volume as possible, 
and that for unjacketed cylinders the surface in relation to volume should 
be reduced as much as possable. 

4. Economy or Stream as INFLUENCED BY THE SIZE OF THE Cytin- 
per.—It is a well known fact that large engines are more economical per 
unit of power furnished than small ones. It is related that Watt was led 
to his invention of a separate condenser by observing the excessive 
quantity of steam required to operate a small model engine as compared 
with that found sufficient for engines of practical sizes—the vacuum 
being produced in both by admitting the condensing water directly into 
the steam cylinder. We have previously called attention to the fact that 
Watt, in producing condensation in a separate vessel, only partially over- 
‘came the difficulty ; steam chilled by the performance of work being 
such an excellent radiator and absorbent of radiant heat as to cool the 


interior surfaces of a cylinder, upon reduction of pressure by condensa- 
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tion, even in a separate vessel, to a very material degree, if not to the 
same extent as if the water were directly admitted to the cylinder. * 

The manner in which the loss takes place was discussed under the pre- 
vious heading, and it is evident that the amount of heat transferred to 
waste in an unjacketed cylinder will, for a given range of temperature, 
vary as the amount of metal surface and inversely as the volume of steam 
exposed to the same. As the size of the cylinder is increased the volume 
increases in a more rapid ratio than the enclosing surfaces, hence the loss, 
relative to the unit of volume and power, decreases as the size of the eyl- 
inder is increased.+ 

(4 A.) The minimum cost of the power, using a single engine without 
a steam-jacket was on the Bache (Table No. 1, Exp. 13, line 46) 26.247 
pounds of feed-water per horse-power per hour, and on the Dexter (Table 
No, 2, Exp. 3, line 53) it was 23.857. Again, on the Bache, using com- 
pound engine and jacket on the larger cylinder, the cost was (Table No. 
1, Exp. 6, line 46) 20.332 pounds and on the Rush (Table No. 2, Exp. 1, 
line 53) it was 18.384 pounds. The engine of the Bache was smaller than 
that of either of the other steamers, and, as shown, the cost was in both 
eases considerably more. We have already pointed out that the relative 
performances for different methods of working in one series correspond 
well with those shown by the other, such, for instance, as the saving of 
the use of the steam-jacket and the relative economy due to a compound 
engine, but we now find that the actual costs shown in one series cannot 
be directly compared with those obtained in the other. 

It may be accepted as a general fact that an experiment made with one 
engine cannot be used directly as a basis of comparison except for engines 
of similar size operated under similar conditifms. The want of general 
information on this subject has often caused great misapprehension. 
Engineers have again and again made improper comparisons and often 
have conscientiously drawn directly opposite conclusions from the same 
data, when neither side had access to information sufficiently complete to 
refute the arguments of the other. 

(4 B.) Referring to the experiments under discussion we find that 


the minimum cost of the power with the jacketed-cylinder of the 


* The subject was treated in this manner in a lecture delivered at Sheffield Scientific 
School in the winter of 1870-71, which never having been completely written out, was not pub- 
lished. See reference to Tyndall experiments with radiant heat in preceding foot-note. 

t This statement has been demonstrate! by numerous experiments, particularly those 
referred to in the foot-note on the first page of the discussion, and may be confirmed by com- 
paring the results of similar experiments in the two series herein discussed. 
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Bache, non-compound (Table No. 1, Exp. 16, line 46) was 23.15 pounds 
of water per horse-power per hour, and that with the unjacketed 
eylinder of the Dexter (Table No. 2, Exp. 3, line 53) it was but 23.86 
pounds. Had there been but these two experiments to compare, many 
would naturally have held that there was little or no economy in the 
steam-jacket, and it is only by having the extended series of experiments 
on the Bache with and without the use of jackets on the same cylin- 
der, that we are enabled to prove that there is economy in the use of the 
jackets ; and by comparing experiments with engines of different sizes 
to show further that the actual performances of different engines are not 
directly comparable. while the relative performances for each engine, 
operated under different conditions, are properly comparable with similar 
relative performances of other engines. 

(4C.) It shonld be here observed that in the above comparison of 
the results of experiments with the steamer Bache and of the revenue 
steamers, the former shows more inferiority than can be attributed sim- 
ply to the difference in size. and we are of the opinion that it was due 
somewhat to the quality of the steam furnished by the boilers. The 
boiler of the Bache was constructed to give a high evaporation, and 
the combustion was so slow that the steam in the steam-chimney received 
practically little heat from the escaping gases. On the revenue steamers, 
the boilers were made to develop the maximum power for a given space 
—the tubes were shorter, the draft freer, and the experiments being tried 
at maximum power, the gases passed through the steam chimney at a 
higher temperature than on the Bache, so that the steam was more 
thoroughly dried. It appears incidentally, then, that a boiler with a less 
evaporative power than another, may, within certain limits, furnish steam 
of a better quality, and thereby produce increased economy in the engine. 
This is not fully demonstrated by these experiments, as both the size of 
the engines and the proportions of the boilers are different in the two 
series, but that there is some such compensation appears probable. * 

In these experiments, however, the higher evaporation in the boiler of 
the Bache, more than compensated for the loss of efficiency in the engine, 
the best results with the compound engine of the Bache and that of the 
Rush being as follows : 

* It is to be regretted that the quality of the steam was not tested in all the experiments by 
means of a calorimeter. The writer, previous to the trial of the Bache, developed and put 
in practice a very simple apparatus for the purpose, but it was thought that there was so much 
to be done in a limited time, that the solution of the more important problems could only be 


attempted. 
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Bache Rush. 
Table No. 1, Exp. 6. fable No. 2, Exp. 1 
Water actually used per LH.P., per hour... (line 46 20.332 (line 18.584 
Water actually evaporated per pd. of coal.... (line 56 2131 (line 65) 7.40 
Coal consumed per L.H.P.. per hour......... (line 40 2.227 (line 57 2.455 


The presentation shows that while there may be an interesting subject 
(which we shall investigate further. as to the compensation attainable in 
the engine by utilizing the waste heat of a betler with low evaporative 
power, the higher evaporation will probably, as in this case, prove the 
better practically. Referring to Table 2, Exp. 1. line 70, it will be seen 
that with an evaporation of ten pounds of water per pound of coal, (a 
result attainable under the conditions mumed), one horse-power, would 
have cost but 1.838 potnds of coal per hour. 

5. Ecoxomy or Stream as ny THE SreamM Presscres 
EMPLOYED. -—The investigations with whieh we have been associated show 
invariably that, other things being equal, the higher the steam pressure 
the greater the economy. "The saving, however, decreases rapidly, using 
ordinary engines, after a pressure of eighty pounds per square inch is 
reached, so much in fact that it ts doubtful if pressures in exeess of one 
hundred pounds would give a sufficient economy of fuel to counter- 
balance the extra expense in constructing and maintaining the boilers. 
We have little information as to what can be done at pressures above one 
hundred pounds, with engines particularly designed for the purpose. 
and it is probable that a saving of space ocenpied by the machinery 
might in some cases warrant the use of very high pressures even with 
ordinary engines. Within the limits of common practice, the saving by 
the use of the higher pressures is very important, and some valuable in- 
formation on the subject may be obtamed from the experiments under 
disenssion. We first examine the results due to using different steam 
pressures in the same evlinder. 

5 A.) With the non-compound engine of the Dexter, we tind (Table 
No. 2, line 76) comparing experiments 3 and 7, whieh show the mini- 
mum cost at the approximate steam pressures respectively of 70 and 
40 pounds, that the power at latter pressure cost 20.73 per cent. more than 
ut the former. This is at about the same degree of expansion, and there- 


fore doing less work, with the less pressure. Were it necessary to do the 
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same work, in the same cylinder, as is the case in practice, comparing 
runs 3 and 9, we find the power would cost 33.24 per cent. more. 

(5 B.) Experiments 13 and 17 on the Bache (‘Table 1), made at the 
steam pressures of 78 and 31 pounds, respectively, show a cost for the 
latter 20.6 per cent. greater than for the former. 

(9 C.) In the ease of the compound engine of the Rush (experiments 
Dand 2, Table 2), made with the steam pressures of 69 and 37 pounds, 
respectively, the cost of the power at latter pressure is 20.18 per cent. 
greater than in the former. 

(5 D.) The results due to working stem of different pressures in en- 
gines properly proportioned to give the mexiniuin economy for the pres- 
sure used, involves questious discussed in the next title. Referring, 
however, to the results shown above, 5 Ay and (5B), it may be observed 
that if the lower pressure of steam is to be used. it can better be done in 
a evlinder proportioned as above indicated, and such was very nearly the 
ease In the Dallas. Comparing experiments Ll and 3 (Table No. 2), 
where the power is nearly the same. we find (line 76) that the power in 
the low pressure engines of the Dallas cost 13.01 per cent. more than in 
the high pressure condensing cugine of the Dexter. 

E.) Above are shown. (5 AY (5 By and (5 practical com- 
parisons of the results due to reducing the steam pressure in the same 
engine, which furnish a basis whereby we may account for the fret 
that compound engines in practical use show larger relative econe- 
nies, Compared with simple engines, than we have ascertained by 
experiment. ta high pressure condensing engines, the pressure for 
Various reasous is seldom maintained regularly at the point designed, 
This occurs from two cenuses, viz., carelessness of the operating cngineer 
and the improper adaptation. by the designing engineer, of the size of 
the engine to the work it has todo. The latter, when true, as is too 
often the case, partially excuses the fault of the former, which subject is 
discussed) in the next tithe Tt is alse true that no matter for what 
pressure the engine is designed, if it be intended to be operated with 
considerable oxpausion, the engineer soon finds that his engine works 
smoother with a lower pressure and less expansion, and naturally think- 
ing. as is too often the case, that his duties are sufficiently arduous, 
lets his pressure fall or partially closes his throttle-valve and lengthens 
the cut-off for the most trivial excuses, until finally, notwithstanding his 
education and instructions, he really believes that it is exactly as well to 


work that way ail the time. 


388 


The general prejudice against high pressure is in his favor, and it is 
not uncommon to have somebody on the vessel boast that their engineer 
ean run with less pressure than somebody else, which is accepted as a 
matter to be proud of instead of being worthy of condemnation. To be 
sure, the expense account for coal increases somewhat, but it is attributed 
to the falling off due to continued service. If protestations of owners 
that something is wrong are repeated, and direct orders given to work 
more expansively, the result generally proves a failure ; sometimes 
through lack of interest, and numerous complaints about leaky boilers, 
&c., and at other times trials are mule of higher pressures when the 
engine really has got out of order and no saving can be observed. It is 
a fact that if the pistons have become leaky, it is as economical to use a 
lower steam pressure as a high one. The true remedy in such case is to 
refit the pistons and carry the pressure designed. We have of late, by 
the use of special arrangements, found no difficulty in keeping pistons 
continuously tight at any pressure. 

(5 FP.) With the compound engine, however, there are fewer mechan- 
ical difficulties in working high steam, and in most cases it is difficult to 
keep up the speed with low steam. For instance, examining experiments 
1 and 2 with the compound engine of the steamer Rush. it will be 
seen (‘Table 2, line 39) that the power at the lower pressure is much 
less than with the higher (168.6 to 266.5), so the engineer, with an 
engine of proper size, would be obliged to increase the pressure to ob- 
tain sufficient power to propel his vessel at the speed designed. The re- 
sult is that the average pressure carried for compound engines, even by 
careless engineers, is mach higher than in single cylinder engines, and 
increased economy due to the steam pressure is obtained, independent of 
that due to the difference in engines, and we may expect te find in prac- 
tice, as is commonly reported, that a compound engine operates with a 
saving of 20 to 25 per cent. compared with single engines using the same 
pressure, wid that even more saving may be obtained when the single 
engine is greatly too large for its work, as hereinafter discussed. 

6. Tue Mosr nconomMicaL Point or Cur-orr ron THe 
PLOYED.—When it is desired to obtain a given power, using steam of a 
given pressure, fixing the point of cut-off tixes also the mean pressure in 
the cylinder, and for a given speed of revolution, the size also of the 
eylinder required, Our experimental researches show that the most 


economical grade of expansion varies for every steam pressure, and is 


influenced somewhat by other conditions. 


=. @ = = Ss =@ = 
uA. Line 1.| Line 7. 25. Line 46 Line 1. Tane 7 Line 25. 1 
Abetract from al table No. | 
* 2 ort ‘ 
S. Coast Survey Steamer With steam jacket in usc | | 
Bache, von-compound ¢ 4 15 8.57 5424 7.02 20.616 
approximate Steam pressure si larg cylinder, 1G 5.11 154 | | , , | | 
pounds. 
‘Table 6B. 17. Line 36. I e 17. Lite 36 ne 
Abstract from vencral table No. 2, | | | 
ij 
8 mate steam pressure 70 pounds. = | ! 
Tal Line 10.) Line 17. Line 33 I wt iz. Line ine 53. 
U. Revenue steamer U.S. Revenue Steamer | 
Dexter (engine non- Dallas, engine | 10 18.522 26.687 
Abstract fre eneral table No. 2. 4 compound) approxi- 8 2.42 28 impound, app i- + tl 21.447 26.96 
mate steam pressure 9 33.838 31 am pressure 24.611 28,901 
40 pounds. 35 pounds 
‘Table 6D. Line 1. 25° Line 46. el 5 
Abstract from general table No. 1, 
U. 8. Survey With steam jacket in use Without using steam | 
Bache, compound engine, -ap- 6 j 3 29 
on larger cylinder. jacket. 


proximate steam pressure 80 


pounds. 


* Mean effective pressure referred to larger cylinder. 
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The preesding tables have been condensed from the general tables, 
and show the mean pressures and costs of the power at different degrees 
of expansion for the engines of the several steamers : 

Referring to Table 6 A, it will be seen that, with the engine of the 
Bache, operated non-compound, using an upproximate steam pressure 
of 80 pounds, expanded 5.11 to 12.62 times, the higher grades of expan- 
sion were attended with positive loss, and by reference to Table 6 B it 
will be seen that, with the single engine of the Dexter, using an 
approximate steam pressure of 70 pounds, expanded 2.72 to 4.46 times, 
there was but little difference in cconomy between an expansion of 3.49 
times and one of 4.46 times. We may, therefore, infer that an expansion 
of five times, under the conditions of these trials, using 80 pounds of 
steam, in single engines, is as much as can be obtained economically. 
and that the expansion should be somewhat reduced for a pressure of 70 
pounds. 

Referring to Table 6 C. it will be seen that, with the single engine of 
the Dexter, using an approximate steam pressure of 40° pounds, ex- 
panded 2.08 to 3.34 times, (the latter expansion is the more economical 
and that, with the engine of the Dallas, using an approximate steam 
pressure of 35 pounds, expanded 2.44 to 5.07 times, no loss, but rather 
a slight gain in cost of indicated power, is shown at an expansion of 
5.07 times. as compared with that at 3.89 times -this engine operat- 
ing, as before stated, very economically at the pressure used. The re- 
suits at the two expansions last named are, however. so nearly identical, 
that the cost for the net power (see Table No. 2) is least for the least 
expansion : considering the experiments on the Dexter and Dallas to- 
vether. we may conclude that an expansion of 3) to 4 times is the most 
econoluical degree for steam pressures of 35 to 40 pornds. 

Referring to Table 6 D, it will be seen that. even with the compound 
engine of the Bache, operated with an approximate ste. . pressure of 
80 pounds, expanded 4.24 to 16.85 times, a loss resulted at the extreme 
degree of expansion, and that an expansion of Gto 7 times appeared to 
vive the best results muder the conditions of the triats. 

Is is not practicable. with the information avilable eXperi- 
nents not having been pout in Shape for COMPALESON ), to caleulate acen- 
rately the propor rates of expansion for different steam pressures, and it 
is probable that no tised rule could be framed to inelude the modifies 


tions due to all conditions. We vive the following provisional rule, with 


tubulated Samples 


391 


(6 KE.) Rece.—To the number representing the steam pressure above 
the atmosphere (P) add 37: divide the sum by 22: the quotient will 
represent, approximately. the proper ratio of expansion |) for that 


steam pressure, ‘Thut is 


EXAMPLES 
Steam pressure above atimospher: lw 25 40) si 100 


Ratio of expansion 2.2 BS 36. 6.2 

It is probable that these ratios are nearly correct for single engines 
of large size with details of good design, too large for single engines of 
ordinary construction, and too small for the better class of compound 
engines. The rule. though provisional, is safer to folfow than the un- 
certainties of personal opinion, and the variations of actual practice. 
Further information cannot vary it materially, for the economy changes 
very little for expansions considerably greater or less than the most 
economical grade, The limit of expansion for the higher pressures are 
apparently well defined by the experiments discussed, but there are 
indications that there is no loss in using somewhat higher expansions 
than given by rule for steam pressures of 35 to 40 pounds—of course. 
however, with results inferior to those obtained by using higher pres- 
sures. Further investigations are being made on this subject. 

(OB.) As a general rule. in constructing an expansive engine, too 
much expansion is attempted and the cylinder is made much too large 
for the work to he done. This is particularly true in respect to engines 
designed to be operated expansively with high steam pressures. As pre- 
viously referred to, the designing engineer, in almost every instance, 
furnishes too much eylinder to work off the steam from a given boiler at 
the most economical degree of expansion for the pressure intended. 
This is one of the most important lessons to be learned from these ex- 
periments. and many others as vet unpublished. Nearly all the marine 
engines constructed have eylinders of sufficient size to develop the power 
intended with w mean pressure of 25 to 20 pounds, and even lower. 
These experiments show clearly that it is not eeonomical to expand high 
pressure steam sufficiently to produce so low a mean pressure, and that 
with such large cylinders it would be nearly, if not quite as well, to re- 
duce the steam pressure and expansion (as we have complained pre- 
viously, that the working engineers are in the habit of doing, though 


to an unwarranted extent). The best results shown by these experiments 


were obtained with a mean pressure of 34 to 37 pounds, when the boiler 
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pressures were from 70 to 80 pounds, and, therefore, the steam cylinders 

of non-compound high pressure condensing engines should be not more 
than two-thirds the size they are usually made. Engines so proportioned 
would not only work with greater economy, but also with less expansion 
than those with larger cylinders, so that there would be a more equable 
pressure throughout the stroke when high steam was used, and less 
trouble to the engineer. Such an engine, properly constructed and oper- 
ated, would probably require but about 15 per cent. more fuel than the 
best form of compound engine to do the same work. 

6G.) We are now constructing a non-compound high pressure con- 
densing engine, which is fitted with expansive gear, adjustable only be- 
tween one-sixth and one-fourth the stroke. To manceuvre the vessel, the 
cut-off must be thrown entirely out of gear, and distribution of steam 
effected entirely with main valve. It is hoped that the arrangement will 
prevent the temptation to reduced expansion, which would take place to 
un important extent, even when using a cylinder of proper size for the 
work to be done. 

Ixpicaror DraGrams.—Annexed will be found specimens of the indi- 
cator diagrams taken during the principal runs. Diagrams for each 
series of experiments on the Bache have been selected with like steam 
pressures and traced together for facility of comparison. 

‘Hyperbolie curves have been dotted upon one series of the diagrams 
in such manner as to coincide with the experimental curves near the 
points of suppression. When the diagrams were taken, the indicators 
were carefully adjusted so as to be perfectly free in their action, and in 
some of the diagrams vibrations of the pencil may be observed at the 
points of cut-off outside the true experimental lines. 

The diagrams considered together show a number of differences due 
to the varions changes of condition. As stated previously, the steam 
supplied by the boilers of the revenue eutters was probably superheated 
slightly, and the expansion curves on diagrams F, G, H, trom their engines 
more nearly correspond wtth the Mariotte curves of expansion than the 
majority of those from the engine of the Bache. The boiler of the Bache 
was operated much below its power when furnishing steam at the high 
grades of expansion used (see 4 C), and as the steam room was large, the 
water level very steady and extra precautions had been taken to felt the 
boiler, steam-pipe and valves, the steam supply must have been delivered 
to the engine in about the same condition as if from a boiler without any 


superheating surface, or say very nearly suturated or containing but a 
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’ AND U.S. REVENUE STEAMERS “RUSH,” “DEXTER” AND “DALLAS.” 
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G. 
STEAMER “ DEXTER.” 


| Ps Indicator Scale, 40 Ibs. per inch. 


Exp, No. 5 ; Table No, 2. 


| 
| | 
| 
| : 
~ 
| ~ 
>— 
| | 
| 
y 
>» 
— 


393 


slight percentage of moisture. The diagrams show, however, that lique- 
faction rapidly took place when the walls of the cylinder were alternately 
cooled and reheated as described above, (3 C). When using the single 
cylinder of the Bache without steam-jacket (see diagram B), the expan- 
sion curve for bottom of cylinder fell below the Mariotte curve at first, 
but afterwards rose above it as re-evaporation took place. In the top of 
the cylinder, however, some water collected, and its re-evaporation during 
the expansion portion of the stroke caused the expansion curve to rise 
whove the Mariotte curve at all times. At the highest grade of expansion, 
with and without use of jacket, a loop was found on the diagram from the 
upper end of the cylinder in two instances (as shown in diagrams C), 
which disappeared upon opening the cylinder relief valve. 

These diagrams show that horizontal engines should be more econom- 
ical than vertical ones, for the reason that when properly constructed, the 
eylinder can be kept drained at all times. 

When using the single cylinder of the Bache, with jacket (see dia- 
grams A), the moisture in the steam due to reheating the surfaces was re- 
evaporated throughout the stroke, causing the expansion curve to rise 
above the Mariotte curve in most cases. As before, the difference is 
greater for the top of the cylinder and very large for the shortest sup- 
pressions. 

With the compound engine of the Bache, the expansion curve for the 
smaller cylinder which was not steam-jacketed (see high pressure dia- 
grams /)), also rises materially above the Mariotte curve. The cut-off 
valve faces were in excellent condition, making leaks improbable, so the 
difference is doubtless due also to re-evaporation of moisture. The ex- 
haust from the smaller cylinder of compound engine is not so effective in 
carrying moisture out of the cylinder as in ordinary engines with less 
back pressure. The slight superheating of the steam on the Rush, to- 
gether with the steam-jacket, was sufficient to prevent great variation of 
the two curves (see high pressure diagram F’). 

When the engine of the Bache was operated as a compound engine, 
without the jacket on the larger cylinder, there was a material reduction 
of pressure in that cylinder throughout the stroke, as compared with 
that during the experiments with steam-jackets in use, which may be ob- 
served by comparing low pressure diagrams D and EF, and the mean pres- 
sures shown in line 25 of Table No. 1. 


SuPreERHEATING.—In conclusion it may be observed that the diagrams 


taken at the higher grades of expansion on the Bache show such positive 
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evidence of the presence of water mm the cylinder (due doubtless, as has 
been stated, to internal condensation), that it may be claimed that by 
superheating the steam, the ratio of expansion could be economically 
increased beyond that shown by the Bache experiments. In discussing 
this question, however (subject 6), the conelusions were founded on 
the experiments both with the Bache, where there was probably no 
superheating, and with the cutters where the conditions were favorable 
for the thorough drying of the steam. From both series, and other experi- 
ments available, it isconcluded that superheating will undoubtedly reduce 
the final cost, but it does not appear that it will change in a material de- 
gree the most economical point of ent-off for a given steam pressure. 
Superheating should, in fact, show beneficially in the same way as the 
steam-jacket and in a measure reduce the advantages shown by the latter. 

The variations above referred to between the actual and Mariotte ex- 
pansion curves, Which show, doubtless, the presence of extreme internal 
condensation, are frequently observed in marine engines using high 
grades of expansion, and in such cases we may naturally infer, from the 
whole evidence presented, that there is also a loss of result compared with 
that obtainable with less expansion. In the experiments with the single 
cylinder of the Bache, it may be noticed, incidentally, that the expansion 
curves on diagrams from the bottom ef the cylinder correspond closely 
with the Mariotte curves (particularly with steam-jacket in use), when the 
engine is working at its most economical grade of expansion, and we have 
observed a similar correspondence in diagrams from both ends of the 
eylinder of horizontal engines, where provision was made to drain the 
water from the cylinder at each stroke. 

The Mariotte curve has been used for comparison simply for conveni- 
ence, without discussing the question whether it is the true expansion 


curve or not. 
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First principles, then rules. 

In order that the human intellect may approach the perfect answer in any physical investi- 
gation, there is necessary the combined application, each in its proper proportion, of 
three instruments: mathematics, experiment, and a well-balanced, trained, common- 
sense judgment. 

Intropuctory. — The choice of subject above presented probably needs 
no apology, before an audience of American engineers. After having neg- 
lected the construction of continuous fixed spans, with probably good reason 
in the majority of cases, as we shall see, but on the other hand carried the 
construction of certain kinds of single fixed spans (link-bridges) to a degree 
of perfection and size hitherto unknown, American engineers have suddenly 
been brought face to face with the problem of continuous spans, by the 
abandonment of the old form of drawbridge, whose ends are suspended 
from a central tower by chains or rods, and the adoption of the continuous 


form of truss for such structures. |The number of drawbridges of this latter _ 


class is steadily increasing, and some of them have already attained a mag- 
nitude of span never before attempted ; yet it is a painful fact that, in the 


* The word “drawbridge”’ will, in this paper, be used only in the sense of one of that species 
of drawbridges that are made to revolve around a vertical axis situated between their ends, 
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calculation of the strains in continuous drawbridges, unsupported opinion 
and ‘good enough”’ approximations have often had a controlling voice ; 
whereas such guides are evidently out of place in engineering or in ary other 
physical science. And it is, perhaps, only a natural consequence of this that 
there are many unpleasant rumors (facts are difficult to arrive at in such 
cases) as to the unsatisfactory performances, wear, and life of many of the 
great drawbridges of the country, both of the old and new styles. 

The subject is therefore submitted as one of practical and ample pecun- 
iary interest to the profession and to their employers. 


PART I. 


§ 1. History or tae Tneory or Continvovus Grirpers. — The calcu- 
lation of continuous girders commences with Navier, about 1830, who, it is 
believed, first propounded the theory of the ‘‘ elastic line ;’’ that is, the curve 
or form which the neutral axis of a body, following the laws of elasticity, 
would assume upon being supported by any number of fixed supports, which 
were first taken as being all on the same level, and then acted upon by a 
series of vertical forces or loads. Navier showed how, from the equation of 
this curve, could be deduced the reactions at each support, the value of the 
moments over the supports and generally along the line, &c. Still, his 
method led to somewhat laborious calculations, and was therefore but little 
used, until in December, 1857, a French engineer, Clapeyron, published, in 
the ‘* Comptes Rendus,’’ an improvement on the method of Navier, which 
consisted in finding primarily the moments over each support, ‘and then de- 
ducing, from the moments so found, the reactions sought for. Clapeyron’s 
equations required that: 1. The load be uniformly distributed on each span. 
(The several spans may, however, have different loads.) 2. The supports 
must all: be situated on one and the same level. 3. The moment of inertia 
of the cross-section of the girder, referred to the neutral axis, must be con- 
stant. Other assumptions made by Clapeyron, but which are common to 
all the theories of the elastic line, before and since his day, will be spoken 
of further on. 

The publication of Clapeyron’s article seems to have given a great im- 
petus, in France and Germany at least, to the investigation of the properties 
of continuous girders, and speedily led to the extension of the theory of the 
elastic line to the cases where the supports are not on a level,* to investiga- 


* First noticed by C. Képke in “ Zeitschrift des Archt. & Ing Vereins zu Hannover,”’ 1856. 
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tions as to the effect produced by such a change of level in the supports, &c. ; 
and much has since been written in French, German, and English * technical 
journals, and other publications, with some books partly or wholly on this 
subject. [See the list given in the Appendix. ] 

It is characteristic, however, of all the books and articles that appeared 
on this subject, between 1860 and 1873, that they severally treat of special 
cases only, at least what in the light of the most recent work + appear as 
only special cases. Thus Mohr develops the properties of girders, contin- 
uous over two or three spans of any relative length, for uniformly distributed 
loads, with the supports on a level, or raised or lowered certain known 
quantities, and for girders of varying section. Laissle and Schuebler do 
nearly the same ; while Quensel gives the equations for concentrated loads, in 
girders continuous over two spans, when both spans are equal. 

It was the first intention of the writer to add to these cases, by develop- 
ing the equations for concentrated loads, on a girder, continuous over two 
spans, when the spans are unequal and the supports either in or out of level ; 
which then seemed the only set of equations needed to meet the general case 
here treated of, —a continuous girder drawbridge, loaded and supported in 
any manner.t All such partial investigations have been set at rest, how- 
ever, by the recent work of Weyrauch, previously referred to, which, in the 
language of the preface, presents a complete ‘‘ theory of straight girders, 
continuous over any number of openings from 1 to », and for any kind of 
concentrated or regularly or irregularly distributed loads.’’ It even treats 
the single span girder as but a special case of the general subject above pre- 
sented. Following a work as exhaustive as this, there remains but little to 
be done in the way of generalization ; and it has been freely used in deduc- 
ing the equations needed to calculate the reactions at the several points 
of support of a drawbridge. 

The general equations thus taken from Dr. Weyrauch’s book, the special 
equations then derived from them, and their mode of derivation, will be 
found in Part II. 

§2. Tue Practice AND THEORY or THE Exastic Line. —It is time 
now to speak of the value of all these investigations, of the assumptions 
upon which they rest, and in how far we can judge or know that the results 
obtained represent the exact truth. 


* The writer cannot state as to works in other than these three languages. 

+ The work by Dr Jacob I. Weyrauch cited in the Appendix. 

+t However, this would not have met the whole case, as will presently appear; for usually 
the drawbridge, owing to its being supported at ¢éwo pvints at the centre, becomes a girder con 
tinuous over four supports, or of three spans instead of two. 
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The theory of the “ elastic line,’ together with the long train of investi- 
gations that has grown from it, rest upon certain assumptions to be found 
in most theories of flexure, and very fully set forth in the work to which 
reference has just been made. In order that a bridge structure should 
exactly conform to these assumptions: 1. Every member and every part of 
every member would have to extend or compress strictly equal distances by 
the application of equal strains per unit of section. 2. If the girder were laid 
over on its side, —that is, not be acted on by what ordinarily are iis vertical 
forces, — every part of it would have to be without any strain whatever. 
8. When set up, no part of it must in the slightest yield otherwise than 
according tol. 4. Should it act as a continuous girder on supports that 
are on a level, its actual supports must, when the bridge is set up, conform 
strictly to the profile of the bottom of the bridge when it is in condi- 
tion 2. This is a point of some importance, as will appear; and it is well 
perhaps at once to clearly catch the idea of what is meant by ‘‘ supports on 
a level’? and ‘supports so and so much out of level,’’ speaking after the 
manner of continuous girders. In point of absolute level, the supports may 
all be on a different grade and yet react as supports that are on a level, if 
the girder, when without strain or when it is acted upon by the calculated 
theoretical reactions, has an under profile fitting to this broken grade line 
of the supports; and, if mention should be made of such a support being 
lowered so much out of level, it would mean, lowered so much from this 
primary grade line, &c. 5. In the theories generally given it is assumed 
that the moment of inertia of the cross section of the girder referred to the 
neutral axis is a constant. There are, to be sure, methods for calculating 
the reactions, moments, and strains in girders whose cross sections, and 
therefore moments of inertia, vary by steps, or according to known gradual 
increments or decrements, accurately as well as approximately, but they are 
both so laborious as to make their use unwarranted, save in rare cases; and 
even then the uncertainty and approximations inherent to the theory in 
general are not removed by this additional accuracy of taking into account 
these variations. It is safe to affirm, namely, that in actual practice none of 
the conditions 1, 2, 3, and 4 ever strictly obtain. Under 1, different pieces 
of iron do not extend and compress strictly as the strains upon them; each 


separate plate, angle, T, or channel will vary more or less in this respect 
within its own length and each with the other. 2 is a condition which must 
be different in different forms of construction, link or riveted, or nut and 
rod, and is probably never absolutely attained in practice. 3 depends on 2 
in the first place, and even starting with 2 perfectly attained it is just as 
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reasonable to suppose that more or less members will yield somewhat, no 
matter how little, other than by extension or compression of the material 
they are composed of, as that they will not at all, especially on being first 
brought into action; and, again, that different forms of construction will act 
differently in this respect. 4 is a condition of which, ordinarily, really 
nothing is absolutely known; it is of the more importance, as very small 
changes of level produce a great increase or diminution of strains. How 
this condition may be regulated will be shown farther on. 5 has already 
been discussed. 

There would seem to be, therefore, no particular reason why we should 
give implicit faith to the results of the theories based on that of the elastic 
line, any more than we do to those derived from theoretical hydraulics; we 
can, on the contrary, as a matter of judgment, gravely question their 
accuracy, and, so far as known to the writer, there are yet wanting any 
experiments on finished structures from which coefficients of correction, 
such as are indispensable in the science of hydraulics, could be deduced to 
apply to the science of bridge-building, more particularly to that of con- 
tinuous girders. 

Another difficulty lies in the form of the equations presented to the 
engineer for calculating the dimensions of a desired girder. If the supports 


are not ‘‘on a level,’’ or if it is desired to apply the more exact formule, 
which make allowance for the variations in the cross section of the chords, 
it will be found that these very equations already contain the desired dimen- 
sions, algebraically of course. There is then nothing left to do but to apply 
the method of successive approximations; that is, first to find the dimensions 
as well as may be, introducing the value of the dimensions sought in the 
equation used to find them, according to the best judgment of the calculator, 
then from the structure so designed to start anew. There is no desire here 
to overrate the deficiencies of the system as it stands developed to-day, nor 
to conceal the fact that multitudes of bridges have been built in accordance 
therewith and are doing good service. The question that remains is: inas- 
much as the formule do not give exact mathematical results, how near are 
they to the truth for various kinds of bridges or what are the coefficients of 
correction? Happily, much uncertainty could be eliminated, and the two 
last described calculations dispensed with, were the method of weighing off 
the actual reactions of the finished bridge once substituted for that of calcu- 
lating the proper position or level of the supports, in ordcr that certain 
reactions might be obtained. To arrive at this method in the development 


of the proper manner of calculating drawbridges seems very natural, but it 
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is nevertheless somewhat puzzling that, with the great care and expense 
applied to the erection of the numerous continuous girders that have been 
built in France and Germany, this simple method should not have been 
thought of and practised rather than the uncertain one of calculating 
minute differences of level of the supports, and then attaining them as 
nearly as possible. 

To illustrate, take a girder of uniform section, uniformly loaded, of two 
equal spans, supported on three supports all on a level. 


WWW SCE 

A Fig.t. 


| | 


A, B, C, are the reactions, g the weight per unit of length, therefore 
from 49 and 50,* A = C= 3 ql, B= q/, when all the conditions of a 
continuous girder are fulfilled. But if A and C are each lifted up by a lever 
or set of levers (the levers ultimately to be kept in position by, say a spring 
dynamometer) or by any other weighing apparatus more or less approxi- 
mate,t until these scale beams read 3 q/, and permanent wedges are then 
driven under A and C until the spring dynamometers or temporary supports 
return to indicate 0, we shall be certain that we have left the girder acting 
as a theoretically perfect continuous girder, under that load at least. Again, 
if the reactions left under the girder were only those for which it had 
been calculated, it would be a correctly designed structure, no matter 
whether these reactions were those theoretically due to a continuous girder 
on level supports or on supports to a certain degree out of level. For a load 
q, On one span, and g, on the other, the theoretical reactions on level sup- 
ports would be (46 — 48) — 


10/ 
A= (74,—@), (a+ (7— 


and further experiment would show whether the same girder, reacting 
theoretically perfect under the one kind of load, did so under the other 
kind also, or, if not, what were the actual reactions. From a series of such 
tests, valuable practical data would speedily be obtained;‘and in the mean 


* See equations in Part IL. 


t A good hydraulic press that had previously been experimented with and duly rated would 
make a convenient and direct weighing machine, 
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while girders would have to be so supported that they should receive the 
proper reactions when under the loads which produce the most frequently 
occurring maximum strains. 

§ 3. Some Properties or Contixvous Girpers. — Before proceeding 
to speak specifically of only continuous drawbridges, it may be well to 
become more fully acquainted with some of the properties of continuous 
girders in general. One of their most remarkable characteristics is the 
effect they undergo by being supported on supports which are not ‘‘ on a 
level.’? The equations that give the reactions, maximum moments, &c., 
under these conditions, all contain the moment of inertia of the girder cross 
section and the ordinates below a level line of the several points of support. 
Likewise, with given sections of girder, spans, and loads, may be found the 
ordinates of supports that will produce desired strains and moments. See 
equations 32-34 containing the term Y, or 59-62 containing Y, and Y,, and 
others. A large part of most treatises is taken up with the calculation of these 
special ordinates; that is, ordinates producing special strains and moments, 
and the result of some of these calculations it will be instructive to look over. 
It is proposed in this paper to make no use of any formule containing the 
terms ¥ — that is, the ordinates of the support and the moment of inertia of 
the girder cross section —for several reasons: 1. to abbreviate calculation; 
2. because these ordinates cannot be measured practically with the nicety that 
the equations demand, —thousandths of a foot in difference of level usually 
make tons of difference of reaction and many tons’ difference of strain; 3. be- 
cause the introduction of these terms, as has been stated, fits the equations 
indeed for finding the strains in a designed girder, but not for finding the 
correct dimensions of a girder about to be designed; 4. because by directing 
our energies toward a different object — the weighing of reactions — more can 
be achieved in the investigation of the same subject. In the present state of 
the science of continuous girders, certainly the value of the deductions 
about to be given lies rather in the warning they offer as to the effects 
of accidental or unknown differences of level of the supports, than in 
the use to be made of them and the formule they are derived from, in the 
designing of new works. The following tables, I. for two spans and II. for 
three spans, are taken from the work of Laissle and Schuebler, and will 
explain themselves. The object aimed at is to make the cross section of the 
chords as nearly uniform as possible; that is, equal in maximum in each 
span to what it is over the centre support in the case of two spans, and 
equal in all three spans to what it is over the centre supports in the case of 
three spans. 
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Tasre I. (for 2 Spans). 


Length in ft. ofeach!) 9 | 328 | 492 | 63.6 | 984 | 131.2 | 1968 | 

1 + | 53 | is | 36 | 4 | 25 | 
= 
= Max. moment 
= in the 2 spans | 0.0927 | 0.0919 | 0.0906 | 0.0897 | 0.0882 | 0.0868 | 0.0851 0.08197/* 
= 5% Max. moment 
° | over the cen- 

tre pier... . | 0.125 0.125 0.125 0.125 0.125 0.125 0.125 
$zé Max. moment 
at centre sup- 
port and in 
25 =| the two spans | 0.1026 | 0.1019 | 0.1011 | 0.1004 | 0.0994 | 0.0983 | 0.0970 |0.0946q" 
Depression in 
5 of centre 
support =s . | 0.0111 | 0.0164 | 0.0247 | 0.0357 | 0.0563 | 0.0815 | 0.1262 |0.2468 


Taste II. (for 3 Spans). 


Length of| ' | 
middle 
} 
ll 
1 | | 0.00042/,/ 0.001197, | 0.001487,| 0.001717,| 0.00205/,| 0.00182/, | 0.000927, 
} — | 0.00039 | 0.00100 | 0.00123 | 0.00142 | 0.00169 | 0.00155 | 0.00083/, 
574 % | — | 0.00037 | 0.00093 | 0.00114 | 0.00132 | 0.00153 | 0.00146 | 0.00078/,or 
2123 6543 7576 8752 83380 AAT ft. 
328 4 — | 0.00035 | 0.00082 | 0.00100 | 0.00115 | 0.00133 | 0.00132 | 0.00072/,or 
-2690 3280 4362 ft. 
930 3 =- | 0.09033 | 0.00076 | 0.00092 | 0.00106 | 0.00123 | 0.00123 | 0.00068/,or 
0759 1748 2438 +2829 -2829 tt, 
148 | } — | 0.00032 | 0.00072 | 0.00087 | 0.00100 | 0.00115 | 0.00119 | 0.00064/,or 
| OATS 1287 -1480 -1702 1761 0947 ft. 
82 } | — | 0.00031 | 0.00066 | 0.00080 | 0.00092 | 0.00106 | 0.00111 | 0.00063! ,or 
0254 0656 OTA 0869 0517 ft. 
60 4 — | 0.00031 | 0.00064 | 0.00078 | 0.00089 | 0.00102 | 0.00108 | 0.00063/,or 
-O186 0384 0534 -0612 0648 ft. 
40 L — | 0.00030 | 0.00061 | 0.00073 | 0.00082 | 0.00099 | 0.00104 | 0.00059/, or 
0120 244 0396 0236 ft. 
95 4 — | 0.00090 | 6.00059 | 0.00071 | 0.00079 0008 0.00101 | 0.00053/, or 
0147 | O177 0242 0252 0132 ft. 


| 
| 
| 
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In these tables: 

p==own weight per ft., g=live load per ft., 

i=span in ft., both spans equal in Table I., two outside ones equal in 
Table II. 

l,= span in ft. of middle span in Table II. 


The height of the truss is supposed to be jy of J and ee a for 
Tables I. and II. respectively, with a strain of about 8500 lbs. per [7] in 
the chords. 

Mr. Mohr, in his article, 1860, finds for a strain of about 8,400 Ibs. 


per () inch, two spans, height 5 of span, modulus of elasticity = about 
29 million lbs. per (] inch: 1+2z=1+ 51 4 , Where z is percentage of 
strain in the chords at centre, due to lowering of centre support, y is 
amount of such lowering, and h is the height of girder, both expressed 
in same unit of length. We find, therefore, that for a lowering of the 
centre support equal to 2; part of the height of the girder, the strain in the 
chord at the centre is already doubled. 


Similarly, for three equal continuous spans, the same admirable writer 


10 z 


finds 14+ 14 69 own weight 
7 


a each per unit of length. 


—r 

Such a girder would therefore require that the central supports should be 
only J, of the height of the girder lower than the outside ones, or that the 
bridge, when laid on its side and every member without strain, should have 
a crown at the points where it will rest on the centre supports, above a 
straight line connecting its two end-supported points of 75 of the height of 
the truss, in order that it receive a strain in the chords over the centre sup- 
ports of 2 x 8,400 = 16,800 Ibs. per FJinch. Only half the described devi- 
ation of level in the piers, taken in conjunction with half the described crown 
of the bridge, will produce a like effect. 

For small bridges, especially, the measurements of level required to properly 
mount a continuous girder are practically unattainable,* and the advantage 
to be derived from lowering the centre supports is completely swallowed 
up in the disadvantages resulting from accidental or unknown changes 
of level. The most advantageous level for the central supports of a three- 
span continuous girder, as compared with three single spans, will result in 
a saving of some 18—39% of chord section; but an equal disadvantage 


* It may not be out of place to call attention to the fact that this difficulty decreases for 
large spans, and again to note that it can always be entirely avoided by weighing the reactions 
instead of measuring the relative level of the supports. 


- 
i 
| | 


404 


arises from a variation of level in the points of support of 5-18,5 to 73,45, 
that is, for small bridges of ;,;, and for larger ones of .}, of their own 
height. 

An endeavor to calculate continuous girders, without having recourse to 
the measurement of the distances the several supports are ‘* out of level,’’ 
would therefore seem to be well warranted. The same remark is less true 
as regards omitting the consideration of variations in the moments of iner- 
tia of the chord sections. The time for this additional approximation will 
come, when we shall have obtained coefficients of correction from experi- 
ments with many kinds and qualities of finished bridges. It will be to 
these last, most nearly correct formule, that the coefficients will have to be 
applied. At present, the methods to which this paper has been limited can 
gain but little additional accuracy, by having regard to variations of the 
moments of inertia, so long as they contain the relatively equal inaccuracy of 
being without practical coefficients of correction. In the mean while it is 
gratifying to find that calculating without regard to moments of inertia of 
the chord sections is of the less importance the more nearly the actual sections 
are made exactly proportional to the strains in them. For the mathematical 
case, where the above proportion is exactly obtained, Mr. Mohr finds for two 
equal continuous spans, uniformly loaded: — 

M, = 0.146 gil? = moment over the centre pier, 

A =0.354 gl = reactions at ends, and 

M’' = 0.06215 qi* = maximum moment in each span, when the change of 
moment of inertia is taken into account; and, as is well known, 

M, = 0.125 qi’, 

A =0.375 ql, 
and M’/ = 0.0703 ql?, neglecting the same. 

Similarly, for three equal continuous spans, uniformly loaded, the mo- 
ment over the central piers, the reactions at the ends, and the maximum 
moments in the first and third and middle spans are found for the two cases 
of varying and of uniform moments of inertia: — 

M, = 0.1067 M, = 0.100 g?, 
A =0.3933 ql, i | A =0.400 gl, 
M' =0.0773 =0.080 qi?, 
M" = 0.0183 qi’, M" = 0.025 qi?.* 

§ 4. Loaps anp Reactions or Continuous DrawsripGeEs. — 
Pivot drawbridges, when constructed as link-bridges, usually have two 


* See also the article by J. W. Schwedler, 1862, p, 277, cited in Appendix. 
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contre posts at equal distances each side of the pivot or centre. Indeed, 
whatever the construction of the girder, two supports at the centre will be 
the rule, and one only, exactly at the pivot, the exception. In the latter 
event, the formule for two equal and those for two unequal spans, for the 
several kinds of loading, will give the reactions for any case that may arise. 
It is proposed to discuss in full only the more diflicult case of two centre 
supports, in the course of which the other and less usual case cannot fail to 
be likewise sufficiently elucidated, the more so as the two have many points 
incommon. Take, first, the supposition of symmetrical loading only; that 
is, loading such that no tendency to pivot at the centre exists, and let us see 
the effect on the truss, of the several possible levels of the end supports as 
referred to that of the two centre ones. The former couple can always, and 
the latter two can for all cases of symmetrical loading, be considered as 
though on a level. 

Case I. The bridge open and loaded with snow. In Southern climates, 
and in those cases of railroad bridges that have no flooring, the snow load 
may of course be omitted. In this latitude (40° and above) and for highway 
bridges it cannot be overlooked. The end supports are wanting, the bridge 
being open, and we have a girder resting on two supports only; and the 
reactions at each must necessarily be equal to half its own weight, plus the 
weight of the snow on half its length. 

Case II. The bridge shut and loaded with snow plus the maximum live 
load. It will be evident that the reactions at the four points of support 
depend now very much on their relative levels. If the end supports are 
wanting, — one extreme case, — the girder would be in the same condition as 
when open, as regards support, but subjected to the maximum loading; if 
the end supports were lifted so high as to lift the ends of the girder higher 
than the two central supports, by an amount exceeding or just equal to the 
deflection of the girder, acting as a single span-bridge between the two end 
supports when subjected to the moving load, — the other extreme case, — it 
would of course act as such a single span girder alone, and undergo a strain 
at the centre equal to what it would in Case J., under an equal load and were 
there only one central support, but with a general reversal of the directions 
of all strains. Both these cases are, however, practically out of question, 
and exist only as logical possibilities ;* but between them lie an infinity of 


* The first is too outrageous a case of wrong for even an unconscientious draw-tender to 
permit; the other could be prevented by not furnishing said draw-tender with any apparatus 
to lift the bridge off its centre supports. In the case of railroad drawbridges whose ends are 
intended to be lifted, the passage of trains before such lifting has taken place may effectually 
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supposable cases. Having eliminated from the discussion the consideration 
of measured differences of level of the supports, and substituted therefor that 
of the actual weights of the reactions, we next eliminate this latter by con- 
sidering only the several cases when the end reactions are just equal to 0.* 
It will readily be seen, therefore, that for the case in hand, a bridge loaded 
with snow and a live load, the reactions at the ends may be made =0: when 
the bridge is empty, when loaded with snow, or when loaded at its maxi- 
mum, though this last brings us again to one of our suppositions that may 
practically be neglected. Or any given number of tons or lbs. per unit of length 
or panel may be considered as acting on the girder continuously, and the balance 
will be supported at the central points, which is equivalent to saying that, when 
loaded with this balance, the skeleton outline of the girder will endure no reac- 
tions at the ends. It is evident that, by thus dividing up the loading into two 
parts, one acting on the girder continuously, the other supported at the two 
central points alone, the total reactions at the four several points can in all 
cases be obtained. 

Another way to explain this process of finding the total reactions by first 
finding the reactions due to certain elements of the loading is this; and the 
remarks above, relative to what constitute *‘ level supports,’’? and what 
‘*supports out of level,’’ speaking after the manner of the elastic line 
theory, must be borne in mind in this connection. Take, first, the girder 
loaded with any part of the total load q, and the end supports then brought 
just into contact with the ends of the girder. For all future loads, the reac- 
tions will be the same as those due a straight girder on level supports; in point 
of fact, it is a curved girder on supports just fitting it, which amounts to the 
same thing. Sometimes the strains in each member have been calculated in 
parts, due to different loads, and these then summed up; the plan sub- 
mitted of summing up only the reactions in parts, and then getting the 
strains of members at one operation, is generally to be preferred. 

A practical choice, for the present, will be to suppose the end reactions 
equal to 0 or end supports barely in contact, when the bridge is empty. It 
will shut a little hard in that case, when loaded with snow; but, as the draw 
is opened least about the time that heavy snow-storms occur, this will only 


be taking advantage of a convenient provision of nature, and not working 


be prevented by connecting the signal that the bridge is ready for travel with the bolt that bolts 
the draw ends into the fixed bridge, and then arranging this bolt so that it cannot be shut until 
the draw ends are lifted. Still, the ingenuity with which such labor-involving contrivances 
are sometimes circumvented is fully equal to that which produced them. 

* Attention is here called to the three widely different cases of having a reaction = 0, a plus 
or a minus quantity. 
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against one. Certain drawbridges, as will appear, have the ends raised 
before being subjected to travel; but even for such it is proper, unless the 
draw-tenders are under rules no whit less strong than military rules, to 
allow for the case where travel goes upon the bridge before the draw-tender 
has lifted or sufficiently lifted the ends of the draw; in other words, always 
to take the reactions at the ends for the empty bridge just equal to 0 in 
calculating Case JJ. We shall have, then, the reactions at the ends due to 
a load equal to the live load of the bridge + snow load acting on a girder 
continuous over four supports, or to be derived from equations 51-76, 
for the several kinds of loading and proportions of length of spans one to 
the other. To the centre reactions derived from these equations, add the 
weight of each half girder, to get the total reactions at the two central 
supports. 

These two, 7. and //., constitute all the cases of symmetrical loading, and 
we next take up the more numerous cases of unsymmetrical loading. This 
leads at once to a discussion of the manner of support of the two central 
supports (of the nature of the turtle, that is under the elephant, that sup- 
ports the world). We shall distinguish two sub-cases: (a) when the two 
central supports remain firm, the same as though they rested upon a solid, 
inelastic, stone pier, or as though the draw took bearing upon the circular 
girder, which in turn rests upon the ‘live ring’’; and (6) where the live 
ring is not considered as offering support, and the whole weight is thrown, 
by suitable framing, upon the centre pivot.* It will be readily seen, also, 
that any deflection that may occur in this ‘‘ framing ’? may be neglected: we 
have but to lower the end supports an amount equal to this deflection, to 
render it entirely nugatory. 

For equal outside spans, which alone it will be necessary to discuss, 
(unequal spans are treated just like equal ones, only that the short span is 
loaded with concentrated loads sufficient to balance its deficiency of own 
weight), there will arise twelve different cases of unsymmetrical loading, 
belonging under (a) and (}) to three different styles of drawbridge, and 
according as the snow load is considered or not. We find, namely, that for 
unsymmetrical loading, load on Am (m is point at centre of bridge) whether 
sub (a) or ()), we very often get the reaction at D first 0, then a minus 
quantity. That is, in the latter event, in order that the elastic line shall 
remain in contact with the end support opposite to the loaded side, the light 


end must be weighted or force of some sort must be applied to keep it in 


* In some drawbridges the centre pivot is used only as an axis of rotation, never as a sup- 
port; in such, of course, the cases (+) cannot arise, 
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position. In the absence of such provision, it will rise or ‘‘ kick wp,’’ espe- 
cially if the loaded end is not very firmly supported. Now it requires but a 
little thought to see that so and so many tons, suddenly rising } inch, 1 inch, 
or 1} inches, &c., many times a day, and as suddenly falling again, and with 
nothing else to spend their work upon, are only so many foot-pounds assid- 
uously laboring to destroy the bridge or the piers. Such a structure par- 
takes too much of the nature of a tilt-hammer to be entirely satisfactory as 
a permanent drawbridge. Upon taking up therefore the question as to how 
to prevent this tipping, we find two methods in practice, the first long in 
use, the second apparently for the first time used by Mr. Charles Macdonald 
of New York. They may be likened to the two methods at command for 
preventing a horse or an ox or a man from kicking. One way would be to 
fasten his heels to the floor, the other to lift them up so high that any 
attempt to kick would indeed diminish the strain upon the chords that held 
said heels up, but would never result in their going any higher. In the same 
way may be managed this restive end of unsymmetrically loaded drawbridges: 
it may either be lifted up so high that the reaction D shall under no case of 
loading become either equal to 0 or a minus quantity, or it may be fastened 
down, this last being Mr. Macdonald’s way. 

As previously remarked, and as often found, the ends may also be left 
free; and we have therefore the above-stated twelve cases (two of each kind, 
according as we consider the snow load or not) of unsymmetrical loading as 
follows: — 


Case TIT. (a) ends free, on firm central supports. 


» » ” 
» IV. (a) ,, latched,,, firm 
» V.(a) ,, lifted, ,, firm 9 
» pivoted ,, ” 


Case IIT. (a). Let us again so place the end supports that when the bridge 
is empty they shall be just in contact with the bridge, no more and no less; 
that is, their reactions shall equal 0. Imagine now a girder so supported, 
no part latched down, to be loaded on length Am (m being point at centre) 
with dead + snow + live, and on length mD with dead+ snow. This will 
generally (it may be proven in each case) give the maximum absolute strains 
in the chords at least. It would be relatively more severe for the two main 


spans of the girder, to suppose one side loaded with dead + snow -+ live, 
and the other with dead only; but there is a little of the absurd in thus 
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supposing a bridge only half covered with snow, and at the same time it 
does not furnish absolute maxima. We take therefore, in all the unsym- 
metrical cases of loading, for maximum strains, dead + snow + live on Am, 
and dead + snow on mD. The snow load has, however, an important effect 
in forming the nature of the end reactions and of some of the webbing in 
some cases; and it is necessary carefully to consider the bridge with and 
without snow upon it, as it may easily happen that a bridge that is firm under 
snow + live on one side, and snow on the other, becomes tipping and unsatis- 
factory with the snow load removed. To determine the nature or positions 
of the end supports and in some cases certain members of the webbing, we 
therefore calculate all the unsymmetrical cases for dead + live on one half 
and dead only on the other, as wellas for snow added to each. In the case of 
panel bridges having only one panel over the centre, half the centre panel load 
can be supposed to be applied at the inner extremities each of spans AB and 
CD: if there should be more panels, the formule will easily admit of being 
extended to cover those cases also; and, for plate girders and uniformly 
distributed loads, the load on centre span can likewise, if desired, be taken 
into account, so as to make in all the unsymmetrical cases the load on just 
half the length of the girder. 

To resume, then, the special case under consideration, we have a girder 
on four supports, unequally loaded (Fig. 2), and Band C higher than A and 
D by an amount just equal to the deflection of the bridge under its own 
weight when resting on B and C alone, no matter what the exact depth of 
such deflection be in decimals of a foot or inches. 


Fig.2. = 


First, take the action of the bridge under its dead Joad only. Reactions 


at Band C are each equal to half of dead on whole girder. Now place 
end supports in contact. For all future loadings the bridge is equivalent 
to a straight girder on level piers. Add snow- live on Am and snow 
only on mD. Find reactions for this unsymmetrical load from 63-66 
(or 69 —72), four supports on a level, and to B and C previously found add 
(algebraically) the new B and C for the final Band C. A and D are found 
at once and directly. Now see whether C and D, one or both, are plus or 
minus. We can have both plus (a),* C minus and D plus (8), (D minus 


* Equivalent, if D is large enough, to Case V. (a). 
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and C plus is impossible), and both minus (y). If («), the above calculation 
was correct; if (3), it is a case of two unequal spans AB and BD. Start 
anew (Fig. 3) this time with the whole of the dead load of the whole girder 
on B. 


Fig.3. 


But, if put in that position, it would need still another force or better 
couple to keep it there, since BD is longer than AB, and the dead load is 
supposed to be symmetrical about m. Such a balancing couple could be 
applied at A downwards like a load, and at B upwards like a reaction, — that 
is, diminishing any A to be found hereafter, and as much increasing B; or at 
D upwards and B downwards, — that is, increasing any D to be found here- 
after, and as much diminishing B ; or finally at both A and D, with the same 
respective characteristics. Such force is without doubt applied at both A and 
D; and, to find it, we must first see how much of the unsymmetrical load on 
Am, when the supports are as in J//. (a) («), will just make C0, which 
can be done from 63-66. For this much of the unsymmvtrical load and 
dead + snow load, the reactions are as in J//. (a) (a); for the balance of the 
unsymmetrical load, they are according to 32-34 (or 43-45), for two un- 
equal spans AB and BD. This is evidently a rare case, and moreover moves 
between very narrow limits of possibility. It would require a proportionally 
very large live load, and peculiar ratios of loads and lengths, to produce such 
a case: it is given, however, for the sake of completeness, and well illustrates 
the general adaptability of the method of separating the effect of combina- 
tions of loads into the effects of certain clements of the same. 

Case III, (a) (y). If both C and D are minus (Fig. 4), it is a case of 
one span and an overhanging arm BD. We now have again the whole of 


Fig.4. 


the dead load upon B, and the reactions required to balance it about B can 
be applied at A and B only. These will tend to diminish any future A, and 


: 

| — 
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will equally increase B. The snow will now act precisely as does the dead, 
and the live will be distributed between A and B according to the simple and 
well-known laws of the lever. Necessarily A and B are the only reactions. 
This, again, is a rare case, and requires still greater live loads in proportion 
to the dead load and snow. Equations to meet J//. (a) (8 and y) could be 
evolved by introducing the conditions C, or C and D,=0, and the known 
values of moments that that implies, in the equations of the elastic line. 
See book of Weyrauch, often cited. 

Case IIT, (b).—Fig. 5. The end supports are so placed, that for the 
empty bridge, they shall again be just in contact: dead + snow + live on 
Am; dead-+-snow on mD. For the dead load, B and C again each equal 
half dead load of whole girder. Now find A, B, C, and D from 89-91 for 
live on Am, nothing on mD; also, A, B, C, and D for snow over whole 


= 


bridge from 63-66 (four supports on a level).* C cannot now be a minus 


quantity: it must equal B, in order that there shall be equilibrium, and 
there remains only to see whether D is or not. If plus (a), the reactions 
found are correct; if minus (8) (Fig. 6), take first again B and C each 
equal half dead load of girder. Then, snow over whole girder from 63-66 
(four level supports), then find (from 89-91) what part of live will just 


Fig.6. 


A | 0=0 


make D equal to 0. The reactions for that part are found from 89-91; 
those for the balance of live from 93-94. Or, a shorter way, take first 
dead on B and C. If now, in such a pivoted girder, forces =P on AB 


* The two operations just described with different formule could be done in one operation 
and by only one set of formule by introducing into 89 — 91 the terms for loads on mD as well 
as on Am only. 


B 
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cause D to become =0, that part of the symmetrically distributed load 
which is on CD will just balance the part on AB, about the pivot under 
B and C, which will leave the =P acting only according to 93-94 on 
A, B, and C, and the symmetrical loads must all rest in equal parts on 
Band C. 

Case IV. (a). — Fig. 7. The end supports are so placed that for the 
empty bridge they are just in contact. Centre supports firm. Ends latched 
down. Loading as before.. We have, first, half of dead on B and C respec- 
tively. From 63-66 find A, B, C, and D for snow + live on Am, snow 


Fig.7. a 


B c ( 


only on mD, and add middle terms to Band C already found. It matters 
not now whether the resultant D be plus, minus, or 0: in either event there 
is a body at hand to produce the needed reaction. If C is plus (a), the 
reactions are correct; if C is minus (8), Fig. 8, it is again a case of two 
unequal spans, AB and BD. Start again with B and C each equal to 


Q0Q00000° 
| B (0 0) 


half of dead on whole girder. Find and sum up A, B, C, and D for snow 
on whole girder, from 63-66; now find what part of live on Am will make 
C=0 from 63-66; that part will produce reactions, also to be found from 
63-66, the balance will act on A and B only, according to equations 
32-34, for loads on two unequal spans. This also may be considered as a 
rare case in actual practice. The minus values of D will show the necessary 


strength of the latching apparatus.* 


* The latching apparatus must be constructed to resist, also, a strain that will arise, due to 
a difference of temperature in the two chords, tending to raise the bridge ends, i.e. top chord 
warmer than bottom chord. See C. Shaler Smith’s paper cited below. The effect of generat 
changes of temperature on the strains and shapes of trusses is very lucidly treated in Ritter’s 
book, cited in the appendix; and a study of the principles of the same would, no doubt, soon 
lead to the method to be followed in computing the strains and changes produced by a differ- 
ence of temperature between the two chords of a bridge. 
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Case IV. (b). —Fig. 9. The end supports as before. Centre supports 
pivoted. Ends latched down. Loads as before. We have, first, half of 
dead on Band C respectively ; then, for snow on girder, A, B, C, and D, 


| 


to be found from 63-66; also live on Am, with nothing on mD, A, B, 
C, and D, to be found from 89-91; sum up, and we have the final 
A, B, C,and D. 

The relative merits of JV. and V. it is proposed to discuss further on. 

Case V. (a). End supports on such a level, relatively to Band C, that 
they are more than high enough to prevent either A or D from ever being 
=0. Centre supports firm. Loading as hitherto. Now as to the amount 
the ends should be lifted. The only object of lifting them can be either to 
prevent what we have called the “ kicking’’ of the light end or to regulate 
the strains over the centre. We have to deal with the first only at this 
time. Find, therefore, with what loading of the whole girder the light end 
reaction is just equal to 0, when the heavy side is loaded with its maximum 
moving or live load, and then make the end reactions =0 at a loading 
greater than this, so as to attain a certain factor of safety against such an 
occurrence. This subject is treated of, for both the case of the pivoted 
draw and of two unequal spans, in §§ 13 and 14 of Part II. To illustrate, 
in the numerical example V. ()), if the ends are raised (see § 13), so that 
2.24 tons* per panel react on A, B, C, and D, as a girder continuous over 
four supports, with B and C pivoted, it will make D equal to 0, when Am 
is in addition loaded with 12.6 tons per panel. In such a case we would 
take, say 3 tons per panel, as the uniform load, of which the end supports 
must carry their due share, in order that the live load on Am shall never 
cause D to equal 0. And it may be noted here that railroad bridges, sub- 
ject to} wing trains move over them at a high rate of speed, would need a 
larger f ~or of safety against this occurrence than roadway bridges. 

In our calculations we therefore take the end reactions equal to 0, when 


the skeleton lines of the girder are loaded with the own weight, minus the 


* Wherever the word “ton” is used in this paper, it means 2,000 Ibs. 
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weight selected as above, which we will call s (for stability), and proceed.* 
Just as s must now always make D plus, it can and should be required to 
always keep C plus. The case is therefore analogous to J//. (a) (a), only 
substituting dead —s for dead, and snow + live + s for snow + live, and 
similarly. 

Case V. (b). End supports lifted a certain amount higher than for 
I.-IV. Centre supports pivoted. Loading as hitherto. s is found from 
§ 12, Part II., which reduces this case to J/I. (b) (a). Or find A, B,C, 
and D from 63-66 (two central supports pivoted), for snow + live + s on 
Am and snow +s on mD. D will surely be plus, if s has been taken right, 
and after adding half (dead —s) on whole girder, to B and C each, we have 
the final A, B, C, and D.+ 

§ 5. PractricaAL CONSIDERATIONS IN SELECTING THE KIND OF Sup- 
ports FOR DrawsripGes.— The subject, as left in the last section, is 
perhaps seemingly complex, but seemingly only. We had in all: J., JJ., 
III. (a) (a, 8, & y), IIL. (0) (a & B), IV. (a) (a&B), IV. (0), V. (a) (a & 8), 
and V. ()),— that is, fourteen cases, or, adding those without snow, twelve 
more, in gll twenty-six cases; but this is only because of the generality of 
the treatment of the subject, which adapts it to all cases of double centre 
post drawbridges that may occur. All those marked J/J., in all tcn cases, 
need never, and it is advised should not, occur, or at least reduce to V.; that 
is, have D equal plus. For any particular loading and form of truss, only 
one of a, 8, or y can ever prevail, and the choice of end support determines 
whether to use JV. or V. For any one drawbridge, therefore, we shall 
have, generally, only four cases of loading to consider ; and if it is desired 
to calculate for both, firm centre supports, and for the two central supports 
pivoted, this will add two more cases, making in all six. 

To calculate for partial loadings of any one span will not be necessary for 
the chords. This can be proved mathematically: numerical proofs can be 
derived from the equations given, for the construction of the formule render 
the introduction of a single load at any point or distributed loads of various 


* s may be taken 0, or even a minus quantity, as far as tipping is concerned, if the dead 
load is so great, in comparison to the live, and the length of spans are so proportioned, that the 
dead alone prevents ) from being equal to 0. This weight s should also be such that the 
raising of the ends due to it will make D plus, when the draw chords are unequally affected by 
temperature, and the draw ends tend to rise on that account, that is, where the bottom chord 
is warmer than top chord. See C. Shaler Smith’s paper cited below. 

+ It is proper to remark that the snow load, or, more exactly, the fact that the snow load 
reactions are not equal to 0, when the bridge is shut, have introduced a triple element into all 
the unsymmetrical loadings. By leaving out the snow load, as in the second series of cases of 
unsymmetrical loading, or by making the reactions equal 0 with the snow load on, the several 
deductions are simplified. 
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values per unit over any length in any position an easy matter. Instead of 
= P substitute for distributed loads / gdx between the limits that the load q 
is distributed. In case of the webbing, it may occasionally be advisable to 
consider the spans as partially loaded. 

Generally speaking, Case J. rules the strains at each side of a point about 
} the length of the two end spans, measured in either direction from the 
centre supports; Case IJ. gives maximum strains over the centre; and the 
unsymmetrical cases rule the dimensions of the two main spans, from where 
Case I. leaves off to the two ends respectively, and the strength of the latch- 
ing or position of end supports in JV. and V. There may be some question 
whether it is wise to make the end reactions =0 for the empty bridge in 
Case II., the reason for which has been explained in discussing that case. 
By making them due to s, or still more, for Case IJ., we decrease the strains 
over the centre, and, if certainty existed that the bridge would, before loading, 
be always supported properly at either end, and Case JJ. were then calculated 
for reactions at ends due to s, Case V., which follows from the same arrange- 
ment, would have an advantage over Case JV. in producing less chord and 
web over the centre. If this certainty does not exist, and J/. be calculated 
for end reactions equal to 0, /V. and V. are placed on an equal footing, 
as far as centre sections are concerned. A great point in favor of /V. is 
the little time and power required to latch the ends, as compared with 
that needed to lift them; though this last should not be overestimated. 
The power required to lift grows from 0, and can increase as high as 
half the weight of the girder, if the bridge be lifted off its centre sup- 
ports. 

We shall see, however, in a numerical example, that in point of fact 
comparatively little, sometimes no lift, is required to keep the bridge steady 
under the unsymmetrical load, according as the centre supports are pivoted 
or firm and snow on or off. In the numerical example, when pivoted and 
with snow off, it is necessary to have the end reactions due to a distributed 
load of about 4.5 tons per panel, or, roughly calculating for a 200 ft. draw 
end to end, about % of 25. tons, or about 9.3 tons, and that only at the 
end of the lift.* By means of eccentrics, toggle-joints, or any other of the 
mechanisms that have increasing power, such a final pressure is easily pro- 
duced. Such an increasing and rising pressure can also be produced by 


a constant, descending counter-weight. See ‘ Zeitschrift fiir Bauwesen,”’ 


* In the numerical calculations, s = 4.8 per panel, and A = D, when bridge is empty = 2.9520 
+ 1.7712 +-3.1980 1.9188 = 9.84. See table of reactions. 
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Berlin, 1871, plates 41 and 42, or also ‘‘ Engineering,’’ Vol. 12 (1871), 
page 154.* 

In bridges subject to frequent opening and shutting, whatever arrangement 
is used at the ends, latch or lift, should be operated from the centre of the 
drawbridge to save time. 

If JV. is to be used for railroad bridges, it must be carefully constructed, 
and the bolt that serves to latch the draw should be made to fit as exactly as 
possible in its socket, or all ‘‘ lost motion’’ be taken up by the mechanism ; 
if there be any play-room above or below, it would allow of appreciable 
destructive power being exercised respectively at the light end or over the 
centre every time an engine runs on the bridge. 

A description of Mr. Macdonald’s drawbridge at Point Street, Providence, 
R. I., 250 ft. long, and fitted with a latching apparatus, may be found in 
‘* Engineering,’’ March 21, 1873, p. 202. 

Whether the centre supports should, in the calculation, be considered as 
firm or pivoted (a or b), or the calculation made for both, the construction 
of the bridge must determine. Drawbridges will be differently constructed 
in this respect and in that of the manner of end supports, among other rea- 
sons, accordingly as they are more or less frequently opened. It would be 
an approximation, when the draw rested on the pivot, to consider it in 
effect as converted into a girder of two spans only, the pivot forming the 
middle support, and the framing over the pivot part of the truss, — but an 
approximation only, as may be proven. In a case of symmetrical loading 
of AB and CD, for example, (Fig. 10) the truss is evidently a case of three 


Fig. 10. 
A 


continuous spans. If, now, the reactions A and D are calculated, they will 


be found Jess than if calculated supposing the truss to consist of ‘wo spans 
only, with exactly the same loading. 
And the reason for this is not far to seek. The elastic line would take 


the shape as drawn in Fig. 11, rising higher than the level of the supports 


Fig. ll. 


* The same apparatus, together with the peculiar, and in some situations admirable, kin] of 
drawbrilge to which it is in this instance applied, is fully and clearly described an calculated 
by Hiscler, Civil Engineer, in “ Zeitschrift des Archt. and Ing. Vereins zu Hannover,” 1869, 
p. 412. The form of draw referred to is made without any “live ring,” and the pivot is used 
as a support only when the bridge is being opened. 
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in the middle, or the case would be equivalent to the one of two spans, as 


sketched in Fig. 12, where the centre support is higher than the end supports; 


Fig. 12. 
A B c 


but this, we know, decreases the end reactions, showing why, for a girder of 
three spans, the end reactions are less than for the same girder considered as 
composed of only two spans, but with the three supports on a level. Both 
cannot be right, and from the above three spans evidently is. Making the 
end reactions less involves making the centre ones greater, and the demon- 
stration just given is as applicable for unsymmetrical loads as it is for sym- 
metrical. ‘To convert the girder into one of two spans only, it would be 
necessary to give it only one centre post, or arrangement of struts equivalent 
thereto, these bearing on the centre pivot, or on a single arm framing resting 
upon the same. 

§ 6. Srrains 1n THE GirpERs.—It may seem strange to some readers 
that no word has yet been said about any thing but finding the reactions under 
the girder, as though that constituted the whole problem of the calculation 
of the strains in continuous drawbridges; and with but little exception it 
does. The reactions once found, any structure, of just the proper degree of 
strength to mect them and the loads that caused them, can be interpolated 
between the two, without the slightest difficulty or labor other than that 
inherent to the calculation of any framed structure, if the right way be only 
followed. And, as this has been written for the purpose of contributing to 
the elucidation of the construction, more especially, of panel drawbridges, 
the writer ventures to remark that he shall not consider his labors to have 
been in vain if, achieving nothing else, he will awaken in the minds of some 
of his readers a realizing sense of the beauty — that seems to be the cor- 
rect appellation to apply to them — of the principles used by Aug. Ritter * 
in the calculation of all link structures, and which it is now intended to 
describe. 

To understand this thoroughly, let us return to first principles and see 
what a framed link structure really is. It may be described as a properly 
designed skeleton system of lines, each line endowed with the faculty of 
exercising muscular or elastic force in both directions, each line pivoted 


* See Ritter’s book, cited in Appendix. In Van Nostrand’s “ Eclectic Engineering Maga- 
zine” for 1871, pp. 136 and 332, Ritter’s method may be found translated and described for two 
examples, in a way, however, that to the author seems devoid of appropriate emphasis. 
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at its extremities, and then acted upon in space by generally only vertical 
forces, or, including roof-trusses, by vertical and horizontal forces, —in short, 
by forces in the plane of the structure; these forces are, in the first case, 
the reactions and loads, in the second the reactions, loads, and force of 
the wind. We have given the skeleton lines, the loads, and points of appli- 
cation, and the points of application of the reactions. We must find what 
has been called above the muscular force required to keep every thing in 
equilibrium, and the only way, in cases of continuous girders, to do this, is 
by first finding the reactions; and, going farther, there is much in favor 
of the statement that, when on account of there being only two supports, 
as in case of single spans, the laws of the lever (which, however, are 
only a special case of the elastic line) suffice, and strains, as this mus- 
cular force is more frequently called, can be found without starting from 
the reactions, the latter method is the best, simplest, and easiest remem- 
bered. 

Taking now a girder as above described, acted upon by its forces (loads 
and reactions), and considering all parts in equilibrium, we have in any 
section :— 

1, The sum of all the horizontal components each side the section 
must=0, or = /7=0. 

2. The sum of all the vertical components each side the section 
must=0, or > V=0. 

3. The sum of all tendencies to rotate about any point in the plane of the 
girder — that is, all moments — must = 0, or = 1 =—0. 

Ritter’s simplification consists in using equation 3 only, which can always 
be done by merely so choosing the points of rotation that they shall be situ- 
ated at the intersection of the direction of two out of three forces which are 
being investigated. The moments of two thus become 0, ard there is left a 
simple equation for the value of the third. » The general enunciation of the 
principle is this: Conceive a section of the girder, taken in such manner 
that it shall cut, if possible, only three members, and imagine the forces 
X, Y, and Z applied at the section, in the line of these members, and rep- 
resenting the strains in them. For that part of the structure which lies at 


either side of the section write fhe equation of moments, and so choose the 


point of rotation that, in determining X, the point of intersection of the 
directions Y and Z is taken; in determining Y, that of X and Z, and in 
determining Z that of X and Y. 
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For example, take a roof truss (Fig. 13): — 


Fig.13. 


N 


D=reaction, P and Q are loads, X, Y, Z strains required, z, y, and z 
lever arms. Moments with the motion of the hands of a clock, +; against 
it, —. 

1, About £, intersection of Z and Y, 

Xz— P.CE+D.AE=0, 
P.CE—D.AE 


or X = 


2. About A, intersection of X and Z, 
— Yy+P.AC+Q. AE=0, 
P.AC+Q.AE 
y 
8. About H, intersection of X and Y, 


o Y= 


Where a member cannot be cut by a section cutting only two others, it 
will always be possible (unless there is a redundance of members, and that 
means indeterminate strains and bad construction) to cut, if there are four 
together, some one of them, if five, two of them, &c., by a section taking in 
only three members ; and, their strains once determined, they can be used as 
known forces in getting the others of the same group. Or, any number all 
meeting in one point and one more, may be cut, and the strain of this odd 
one determined; it being remembered that the section may be taken in any 
direction, straight or curvilinear. For trusses with parallel chords the 
demonstration is still correct; we have but to introduce ~ as the distance at 
which the chords meet, and it will be found that the os all cancel out, leay- 
ing easily remembered equations and forms of equations. 
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This constitutes, in fact, the whole method, which needs but to be tried 
to be appreciated. Its advantages are, primarily, that it throws aside all 
burdens upon the memory, in the shape of special rules for special cases, rules 
for each different kind of roof or bridge truss, not to mention a set of rules 
for variations of one and the same kind of girder.* The advantage of this it 
is difficult to overestimate; it exceeds, if any thing, the value of the well-known 
Napier’s rules in Spherical Trigonometry. Another value lies in the readi- 
ness with which the strain on any one member can be calculated independently 
from that on any other; and, finally, in simple trusses, in being able to 
recognize at a glance, from the form of the equation for the strain on each 
member, what loads diminish and what loads increase the same ; that is, 
under what loading it is maximum or minimum. The numerical examples 
have all been worked according to Ritter, and the reader is referred to them 
(and more especially to Ritter’s book) for more on this branch of the sub- 
ject. In the cases of finding the strains on the diagonals, it is frequently 
simpler to choose the first of the equations of equilibrium written above, 
instead of Ritter’s method ; that is, after having found the chord strains, 
by remembering that the horizontal components must equal 0, the diagonal 
strain becomes merely the horizontal component of the strain in one chord 
minus that of the strain in the other, multiplied by the secant of the angle 
the diagonal that connects them makes with the horizon, and it is of the 
kind of strain, tension or compression, according as needed for equilibrium. 
If the two chords are unlike, it always has the same quality, ¢. or c., as the 
smallest; if both chords are alike (happens in Warren girder), the quality 
is opposite to that of the chords, and must equal their sum instead of 
difference. 

Plate girders are not specially treated of in this paper; nothing new is to 
be said of their calculation, and, by getting equations for moments from the 
reactions, the curves of moments (and lines of shear from reactions) are 
easily drawn, and calculations of sizes of parts made as well known and long 
used. The value of plate girders for drawbridges is seriously diminished 
by the large surface they expose to the force of the wind. Cases are not 
wanting, where such bridges have been blown off the centre pier or have 
shut with such force as to break the centre pivot, &c. For large spans 
especially, their use must be decidedly condemned. 

§ 7. PracticaL ConsIDERATIONS AS TO CHOICE OF Form AND SysTEM 
or Truss, Turn-raBLes, Centre Pivots; AND 1x Conclusion. — 


* Most of these rules are, moreover, of the perplexing kind, sometimes known as “sink or 
swim” rules; i.e, the answer sought is found in one of two ways, but you cannot tell which. 
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Laissle and Schuebler, in their work of 1870, give at the close a digest of 
16 typical iron bridges that were built between 1855 and 1870, of all con- 
ceivable shapes and forms, both as regards chord, web, position of platform, 
number of trusses and corresponding number of tracks; two of them contin- 
uous over three spans; in fact no two alike, reducing them all to the same 
strain per unit of section, under the same load per unit of length. The 
result, if intended as an exhibition of the superiority of one style over 
another, is entirely nugatory, with the single exception that it is clearly 
better to support two tracks on two trusses only, than it is to support them 
on three or four. The authors arrive at the conclusion that the economy of 
each bridge depends, not on the choice of any one from among the dozens 
(hundreds it might almost be said) of good styles of skeleton outlines of 
chord and web that are fit to be used in any given locality, but on the skill 
of the constructor in each particular case; but this again is resolved, almost 
wholly, into that of reducing to a minimum that part of the weight of the 
bridge which is literally ‘‘ dead’? weight, — that is, carrics no load, does not 
exercise muscular energy, and is only so much apoplectic, adipose tissue. 
Again, every member necessarily brings with it into the bridge more or less of 
this very dead weight; the less members, therefore, other things being equal, 
the better the bridge, the more load it will carry with the same total weight 
of material in it, or, conversely, the less material it will require to carry a 
given load. The rules for a choice of system for drawbridges will not be 
different from those for single fixed spans, with some few exceptions, due to 
reversal of strains from c. to ¢., and vice versa. 

At first sight, it might seem as though the height of the truss should be 
in a very different proportion to the span in draw from what it is in fixed 
bridges; because, when the draw is open, the span, of which each side rep- 
resents half, is in fact double that of the doubly supported single span, of 
equal moment. It must not be forgotten, however, that when it is in this 
position the bridge is not loaded. Taken altogether, therefore, about the 
same proportions of height to span will obtain in continuous as in single 
spans, though with a leaning towards greater height in drawbridge spans 
than in single spans of equal length. In a recent competition for a draw 
200 ft. over all and for two fixed spans each 121 ft. long, the same designer 
made only $660 difference in favor of 21 ft. trusses as against trusses 15 ft. 
high, on a bid for the latter height of $50,560. Perhaps Mr. Baker’s* in- 


* On the Strengths of Beams, Columns, and Arches. B. Baker, London. E. and F. N. 
Spon, 1870. 
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vestigation as to the proper height of single span trusses and plate girders 
could be extended to the consideration of continuous spans also. 

In continuous drawbridges, more than in single spans, the defects of sep- 
arate counter-bracing become apparent. It is very much a question with 
the writer, whether separate counter braces and ties have not been used far 
too often in all structures, wooden or iron, but especially in the latter. A 
member that will resist both tension and compression can nearly always be 
made to weigh less than one to resist compression or tension running in one 
direction, added to its counter of like quality running opposite to it, especially 
when we have regard in the two cases to the useless dead weight above spoken 
of. In the way indicated, — that of introducing members capable of resist- 
ing both ¢. and c., wherever they are liable to exchange of strain, — any kind 
of truss can be made to dispense with the customary counters and their extra 
weight.* This is recommended in all continuous spans, drawbridges in- 
cluded. In case of wooden trusses also, an iron rod parallel and beside the 
wooden strut, so as to make a counter-tie instead of counter-brace, would 
probably make a good wooden continuous truss. 

A point to be careful about also is that of either superfluous or deficient 
members. The numerical example is one sent in in a recent competition for 
a drawbridge, slightly altered. As first designed, the end panels were as in 
Fig. 14, the dotted line representing a tie rod. Now when such a truss is 


Fig. 4. 


latched down, which is equivalent to putting a concentrated load on A, it 
will exert compression on the piece 7. TJ cannot take, however, even the 
compression due to the loading on its own system, being only a rod, and 
should be made so as not to suffer from such compression, by having a link 
in it, or by being passed loosely through the top or bottom chord, &c. But, 
when thus cleared of compression, the minus reaction at A, which should 


* It is curious sometimes to see counters introduced where, in point of fact, they appear like 
“cats in a strange garret.” A “ Post” truss, for example, is nothing but a Warren girder 
whose struts and ties are at an unequal angle with the horizon; and this web, instead of being 
made, like all other Warren girders, to take either ¢. or c. at the centre of the truss, is titted out 
with counters in the shape of tension rods. They are, however, more proper here than in some 
other cases, owing to the great length of the regular tension members, which without them 
would have to be made to resist compression also. 


423 


pervade the whole webbing, can act on one system only, the one drawn in 
double lines, which must be characterized as undesirable. For this reason 
the ¢hd has been changed as in Fig. 15. Each system can now take any load 


Fig. 15. 


or reaction due to its own loading, and the end post belongs to the second 


system, the one drawn in single lines.* 

A valuable paper on turn-tables and pivot centres by C. Shaler Smith will 
be found ii the July number, 1874, of the ‘‘ Transactions of the American 
Society of Civil Engineers.’?» The data given there are probably unexcelled 
by those to be found scattered in the descriptions of various drawbridges. 
It is more such data that the profession is sadly in need of. 

In the same number, Mr. Macdonald cites an equation from the (‘‘ Journal 
of the Society of German Engineers’’) Zeitschrift des Vereins Deutscher In- 
genicure, Berlin, April, 1874, for the safe pressure on bearing rollers. The 
same subject may also be found analytically treated by Jules Gaudard, in 
‘Etudes comparatives de Divers Systtmes de Ponts en fer,’? quoted in 
Spon’s Dictionary of Civil Engineering, p. 789, and in Winkler’s book, 
cited in the Appendix. 

The writer makes no apology for the length of this paper or of any 
formule to be found in it. There is no ‘* royal road’’ to the calculation 
of the strains in continuous girders, and the methods described in this 
paper are believed to be an improvement upon and are shorter than any of 
the exact modes of calculation that have come under the author’s notice. 
It has been to him a pleasant task, though task it was. But there is no 
branch of engineering so cleanly cut and finely moulded in its results as 
this of finding the strains in framed structures. The reactions must first 
be equal in algebraic sum to that of the total loads; then, around any 
point of meeting of the several members in the structure the vertical com- 
ponents up must just balance those down ; those to the right must balance 
those to the /eft; and any member cut in two must reveal in its interior 
an elastic or muscular force that will prevent revolution about that point 


* There is still in this arrangement some indeterminateness; viz., the absolute direction that 
the reaction at A will take, whether up the end post or the first strut or what part on each. 
This is a defect common to all multiple systems of web, but is not of serious importance. 
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around which the parts of the structure would rotate, but for the duty by it 
performed. And the members and reactions must do all this, if need be, 
to any desired place of decimals, just as in the ledgers of some stately 
mercantile house the separate accounts and the trial balances must all foot 
up equally on both sides to the fraction of a cent. The principles involved 
in the one case are no more certain to produce the desired results than those 
upon which hinges the other; and, if those clear results are not forthcoming, 
it is but a case of human error or imperfection. The principles remain, 
perfect, immutable, and eternal. 


PART II. 


§ 8. INTRODUCTORY TO THE MATHEMATICAL INVESTIGATIONS. — The 
arrangement of this Essay is intended to be such that, while the argument 
is all to be found in Part I., and its application illustrated in Part III, 
Part II. shall contain only the mathematical demonstrations, or the deriva- 
tion of the formule presented for use, and used in Parts I. and III. The 
reader that is prepared to accept these formule on faith, therefore, need not 
read Part II. at all, but will, it is expected, find in the remainder of the 
paper sufficient to enable him to design any revolving drawbridge. Those 
that seek for mathematical proof will find the basis of Part II. in the work 
of Weyrauch, to which reference has many times been made ; and the equa- 
tions, taken from it, that are needed for the development of the formule it 
is now proposed to find, are the following :— 


17. Mshat2M, atl) + Mu 24 


Pa (l—a) (/+a) — Pa (l—a) (2l—a). 


r—1 


17a. atl) + Mh =—| =] 6 EI 


1 
| =) [ar —art |, and 


1 
[ar—ar’ +3 Pal, 


in which the several characters have the meanings indicated by Fig. 16, and 
the schedule given below. 


4 

4 


M,, M,,, &c., are moments over the supports, at left hand of the spans 
L, &e. 

M & M’ are the moments over the left and right hand supports at either 
end of the span /. 

1, &e., are the lengths of spans. 

Cry C,4: &e., are the ordinates of the points of support at k “t hand of spans 
1, U4, &e., referred to the axis of abscissa. 

E represents the modulus of elasticity. 

I represents the moment of inertia of the beam, referred to its neutral axis. 

P represents a load, or element of load, within the span J. 

= P indicates the summation of all loads P between 0 and J. 

=P, 2P, &e., indicate the summation of all the loads P, in the spans 
boas &e. 

a is the distance of point of application in the span / of the load P, from 
the left hand support. 

9 9-41 &e., are the amounts of uniformly distributed load, per unit of length, 
in the spans /,, 1.4, &e. 

V, & V; are the vertical shearing forces at 0 and at 1. 

A & A’ are the parts of the reactions at the left and right hand extremities 
of a span 7, which are in equilibrium with the loads on that 
span. 

P (/—a) means the summation of all the loads in the span /, each multi- 
plied by the distance of its point of application from the right 
hand support; and 

3 Pa, the same sum multiplied by the distance of its point of application 
from the left hand support. 


We pass now to the development of the general formule required for the 


calculation of pivot drawbridges. 
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§ 9. Equations For THE REACTIONS OF A GIRDER CONTINUOUS OVER 
Turee Supports. — Fig. 17. In 17, above, make r=2,r—1=—1,r+1=3, 


fe, te, V3 
& 

| 82 Fig. 17. 

A c 
B 


a in the span /,=el,, and a in the span /, =1,—gl,. M, and M, are each 
= 0, the ends being free (not walled in). Hence 17 becomes 


2 M, (4, + 4) 


1 
(1? —g? 1’). 
For convenience in writing, put the term 6EI=Y. 
and find the value of M,: 
—Y —72Pel (1,7 —e? 1, (12 — 


Now, from 20 and 21, introducing the new notation as just now in 17, and 
making M, and M,=0: 


1 
29. A=— [a+ 2 P(l,—<l,) |. 
1 


28. M,= 


30. B=B,+ Pe] +7 +2 Qui]. 


a. C= ois) |. 
2 
Substituting the value of J/, found above : 


A= 
2h 
=P (i,—el 
1 
33. B= 1 2 


244 


=P (,—el,) = 
L 


+ 4 + 
1 


| 
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4. = 

Q — gl) 


2 


Generally |, =/,=1, and the points of support are on a level, in which last 


event Y vanishes. Then after a few changes we get: 
P 
P 
36. B=s 43 [So 


Q P 9 
37. C=3 [+ | 
which are convenient forms for catculation. If furthere—g and P=Q 


[equal spans, supports on a level, equal panel lengths and corresponding 
panel points equally loaded] : 


38. 
39. B= 
For uniformly distributed loads, q, in span J, and q, in span /,, for Y=0, 
i.e. the three supports on a level, r—1=1, r=2, andr+1=3, M,=M,=0 
as before, 17a would become : 


Similarly we should have for values of A, B, and C, derived from 20 and 21, 
substituting 


1 
faa dx (l,—2x) for = P (l—a) in span 
0 
2 
and ik qz, dx. x for the same in span /,, 
e 
0 


1 
also fi dz. x for 3 Pa in span |, 


0 


. 


2 
and f gz dx (l,—zx) for the same in span J, : 


40. a= 


| 
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a 


1 
2. C= [46+ 
Or substituting value of M,: 


—1 (9, 43+ 91,5) 
92 


44h 


These are sometimes found in the forms 
84 +4) 
S44(4+4) 
Cen 3 1,84 9241 — vi 
(4+ 4) 


If in these , =/,=1, 


44a. B= 


45a. 


46. A= 75 
10/ 

47. 


48. C= 75 


Finally for ¢, = 4, (equal spans, supports on a level, both spans equally and 
uniformly loaded) : 

49. A=C=}¢. 

50. B=}/ dl. 


§ 10. Equations ror THE REActTIONS OF A GIRDER CONTINUOUS OVER 


€ * A 
ic, iC, ley Cy 
~ 
| Fig. 18. | 
| 
A B c 


Four Surrorts.— Fig. 18. Making in 17, r first = 2 and then =3, first M, 


and again J/, become = 0, and the equation becomes 


| | 
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1 
M,1,+2 M, (4+4) =—F, (ly —2) 
designating for brevity w [yes i 3] 6 EI by ¥, 


and [ - : a 6 EI by Y,, replacing also the general load P and 


distance a by P, 2 R and z, y, z in the spans J,, /,, /;, respectively. Solving 
these equations for M, and M,, we obtain : 


1 1 
[4+ 2 + | 2644) 
2 3 


l27—4 +4) G+4) 


Comparing these, we find that the first quantity enclosed in [] in the value 


of M, is entirely similar with the second quantity enclosed in [], in the 
value of J/,, and that the same similarity occurs between the second term 


of M, and the first of J/,, so that for convenience we may write, 
9 

8. 

2 7 


From 20 and 21, making 17, = M,=0, we obtain 
Am —s)]. 
1 
1 2 


58. 
ls J 


| 
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Substituting the values of Mf, and M, given above, and reducing, these 
become : 


2(1,+-1,) W 
A= (a+ ly W : x) 
1 


60. Ba CAM GED 


+220 


2°3 


3 R (,—2) 


= 
22 


Usually Y, and Y, will the supports being on the same level, 7; =/,=/, 
l,=ml, cel, 1, —z=gl, and Q=0. Under these conditions 
V Pel? (1—c’), 
= 3 Ng? (1—g?), 
= [m?—4 (1+ m’*)], and 
2e(1+m) 
mq (1+ 4) 
ma Pe [1 + m + 8 m- 4) 


, (2+3m+m?) 
—z Rg m m2? + Sm + 4) 


+ 5m 2 m*) (1—9*) 
65. c=3 [14 m (3m? 8 m + 4) 


(2+ 3m -+ m?) (1—e?*) 
an (3 mi + 8 m4) : 


1 


me(1--e) 


|| 
+ | 
2(7,+1,) 
U ls 
66. D==R(1—y) +9) 
3m?+8m-+4 
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If further the loading be symmetrical, that is, if eg and P = Rf, a further 
reduction is possible : 
e(m+2) 
[1— 3m?+5m+4- 


(m+ 2) (1 — e?*) 


for distributed loading, =P will become f' q a2, 


2Q, fir dz, Si dz, and we shall have from formule 59-62: 


—4 


+h) 
% C= —4 (44+4)) 


When again /, =/,=/, 1,==ml (m for drawbridges would be a proper frac- 
tion), also gq, 


2+-m (2 -+ m) 


2+m 


m? (2 + m) 
+49/m (3m? + 8m-+ 4) 


Finally when = q and m=1, that is =/, =/,=1, 


75. A qd, 
176. B=C=1h4dl. 


There remain to be developed the equations for the very peculiar cases, 
when two of the supports are themselves supported on the ends of an inflex- 


29 


Om 


ible body, which, in turn, rests upon a knife edge or pivot at its centre. 
(Fig. 19.) Itis evident that, for equilibrium, the reactions of such supported 


D 

Fig. 19 | 

TI, = ls 
C4} 


supports must be equal. An incidental quality is that, when such supports 
are not symmetrically loaded, the ordinate of one support, measured from 
the line connecting them when in a horizontal or symmetrically loaded posi- 
tion, equals the ordinate of the other measured in the opposite direction, or, 
for a three span girder, c,==-—c,.* The calculation of the equations for the 
reactions under these conditions is tedious but not difficult, after the method 
to be followed and the circumstances to be taken into account are once 
clearly imagined. 

§ 11. Equations ror THE Reactions OF A GIRDER CONTINUOUS OVER 
Four Suprorrs, tHE Two Centre ONES RESTING UPON AN INFLEXIBLE 
Bopy, WHicit Is PIVOTED AT THE CENTRE.—For our cases of unsym- 
metrical loading, we must make Q2=R=0. We then have the main con- 
dition of equilibrium, that B= C (see fig. and equations in § 10). 


7. 
i, 


also, 
78. 2M, 2 Px(l2—22)=R. 
79. M,l,+2M,(4+)=—Y,=S. 
80. From 79, JJ,= 


value of 


M, (1, i 
Substituting in 78 and finding 


* This is exactly true when the pivot is situated in the line joining Band C, and equi-distaut 
from these points. There is no ditiiculty about developing the equations when c, =—ncy, or 
even J 


P | 
A 
B+C 
dy 
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81. M,= 3 Substituting 80 in 77 will give 


Make now /, = 1, =/, and /, = ml, and put 81 = 82, we get, — 


83. S—R=mi?T. Substituting values of S, 2, and 7’, we get, finally, 
Y,—Y,= Px (2—2?+ ml). 
Bub — y,=—[" 6 EN, 
and —Y,=— + 5] 6 EI, also cy =c,=0, and c, = ; 
2 3 
2 
+ =) 6 El, and Y,= oct 6 EJ, and 
r 1 BY 9 ? 
85. —Y,= = Px (? — + mil*) 
86. —Y,=— > Px (P — + mi).* 


Substituting values of —Y, and —Y, in 78 and 79, and reducing, we get, — 


-Cir) » Px (2 Ms Pr 


2+m 2+3m)m 


3m?+8m+4 
These values substituted in the general equations for A, B, C, and D (55-58) 
(Q=Rh=0, l,=ml] give finally, — 


—2+m) Pr (P—2*) + (24+ 3m) me Px 


1 
23 (3 m?+ 8m-+ 4) 


2B (3m?+8m+4) 
9. p=—&- (2+ m) Px (? —2*) + (243m) mi? Px 
m?+8m-+4) 
and A + B+ C+ D=3P, as they should. 
To bring these equations to the same known quantities as equations 63-66 
we have but to substitute el for x. 


87. M,= 


M,= 


* From the values of Yi and Y,, in terms of c,m, and /, and the same values in terms of 
> Px, m, and l, the value of c can readily be found, but it will contain the term Z/. 


| 

i 
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§ 12. Equations For THE REACTIONS OF A GIRDER CONTINUOUS OVER 
Turee Suprorts, tHE Two Ricgut Hanp ONES RESTING UPON AN IN- 
FLEXIBLE Bopy, WHICH IS PIVOTED AT THE Centre. — Taking again 
for our case of unsymmetrical loading Q=0, 1, =/, 1, = ml, we have for 
the main condition of equilibrium B= C, or 


1 1 1 
— =| =0, or 


> 


m-+-2 
93. 2M, mi) =—Y—+ = Px or 


2/(1+m) 
9 m = 2 
m) m= Px+ — 
95. —Y= 
m+ 2 
Substituting in 93, 
5 2 Pzx,* and substituting this in the general equations 


for A, B, and C (29-31). 


m =P 
97. A =T(m+2) (/—z). 


i(m+2) 
and A + B+ Cis, as it should be, equal to = P. 


Again, substituting e/ for z, we obtain A, B, and C, in terms of the same 
known quantities as in equations 35-37. 


§ 13. In a GirpeR conTINuOoUS OVER Four LEVEL Supports, THE 
Two Centre Ones Pivotep (SAME As IN § 11), TO FIND WHAT LOADING 
UNIFORMLY DISTRIBUTED, ADDED TO A GIVEN LOADING UNIFORMLY DISs- 
TRIBUTED OVER THE SPAN AB, wiLt MAKE D = 0.—We had for the 
unsymmetrical load (91), — 


(2+ m) 2 Px + (243m) mits Px 


213 (3m? + 8m-- 4) 


* Being the same as found (92), which shows that the principles of the lever alone suffice in 
this instance, and that these principles are but a special case of those of the elastic line. 


{ 
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For uniform loading over the whole span AB, we must substitute f q, dz 
for = P, which gives, — 


2+ m it 
unsymmetrical D. 
From 70, with g,=4, we have, — 
(2+ m) | (2 +- m) 
q = / a= SF 


The condition is that D-+- symmetrical D shall equal 0, or 


2+ n 
22 Bm +5m+4) + 8m+4) 
(2 + m) 
2 (3m? + 8m-+ 4)’ 


from which is found, 


(2 +5 m+ 6m?) 
15 uniform load per unit of 


length over all three spans, necessary to make D=0, when span AB is 


g= 


loaded with 9, per unit of length in addition to q, and the supports are in 
the condition above stated. 


§ 14. In a Gimper conTiINvOoUs OVER Two UNEQUAL Spans, TO FIND 
wnat LOADING UNIFORMLY DISTRIBUTED, ADDED TO A GIVEN LoaApD 
UNIFORMLY DISTRIBUTED OVER THE Span AB, WILL MAKE C=0.— 
We had (45a), — 

(4+ 4) 


For q,=0, or unsymmetrical loading, and /, = m!, we have 


102. Unsymmetrical C= Sm 


For 9, = q or symmetrical loading, 


3 ql + 4 gl m? — ql 
103. Symmetrical C= — Sm(ltm) 


8m (1+ m) 8m(1+m) 


, or putting 


= 0, we obtain, 


108 q= 


n 
3m3+-4m?—1 


| 
| | 


PART III. 


§ 15. Numericat Exampie. (See Plate I.) — Loading. The assumed 
dead load of each truss (which is in 3 spans of 90, 20, and 90 feet, and made 
continuous over them all) is taken at 1000 lbs., the snow load at 200 Ibs., 
and the live load at 1400 lbs. per lineal foot. Each panel is 18 feet long, 
except the centre one, which is 20 feet long. The above loads, concentrated 


at the panel points and points of support, are as follows, in tons :— 


Over each end support 0.9 tons snow ,, 


6.3 tons live ,, 


At each panel point 1.8 tons snow ,, 


12.6 tons live ,, 


Over each centre support 1.9 tons snow ,, 


13.3 tons live __,, 


Lever Arms* For THE First SysTEM (IN FEET). 


4.5 tons dead load. 
9.0 tons dead load. 


9.5 tons dead load. 


\| | | 
Uiex | 19.929 || L, 18.5 | 3S, | 172.01 | 7 | 181.02 
Uses | 22.92 || Leas | 21.5 | S, | 211.62] 7, | 222.483 
U, 25.909 | | 24.5 S, | 2144] P, 
U, 26. | L, 26. || P, | 222. | T, | esing 
| 
Lever Arms* For THE Seconp SysTEM (IN FEET). 
Ueas | 21.425 | Lies 20. S, | 191.77) 7, | 165.01 
Uses | 24.414 || Las 23. || S, | 231.52] 7, | 203.17 
U, | 26. | L,&L,| 26. | | T, | 241.72 


Formule for the Reactions. — For our case m=#%. Substituting this in 


the equations for reactions, and making e=g-==/4, they reduce to the 


following :— 


* See Plate IL. 
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Formule for four level supports ; spans A=D= (8—11k+ 32%). 
AB and CD symmetrically loaded, 4 . 
from 67 and 68, | (11k —323). 


(A = (80 — 113 33 43). 


2P 
55 k — 39 k3). 
Formule for four level supports ; span 7 16 sient. 
AB only loaded, from 63-66, 1 33 


| D= 2 


(A= (30—91 k + 152%), 
Formule for four supports, when B and 
C are ‘pivoted’? and AB only? B= Cus 
loaded, from 89-91, is 


2P 
Formule for three supports, when B | A= To (10— 9k). 
and C are ‘pivoted’? and AB only ¢ 
loaded, from 97-98, B=C=—S3Pk. 


In all cases A+ B+ C+ D=2P, except the first written, when 
A+B+ C+ D=23P, as it should. 


Example. — Snow load in the first system :— 
P=18&k=—.2; P=18&k—.6; P=—19&E=—1 
.*. by first formula, A = D=1.8 x .984 = 1.7712 
B=C=1.8 X 1.016 + 1.9 = 3.7288 


Snow load in the second system :— 
P=00 & $220; P= 1846-4; P=18hE=8 
.*. by same formula as above : 
A=D=158 X .566 + 0.9 = 1.9188 
B=C=1.8 X 1.434 = 2.5812 


The reactions of the girder, for the several cases given in Part I., and 
found in a manner similar to the above, are given in the following Table :— 


| 


| 8199°S1 || COATT 
! BILL (MoUs (Q)*4 asp 
+998 0266'S ‘peor | 
0 O8896°FL— OF0L0" It F202, 
83161 S316T | rd | 2802 
| | {[+=q osnvoeq] | (p)*777 Sv 
0 #08'9 0 Soh LT asn 
oD 0 or 0 0 
EL 912170 8896°F1 — OMT (») 777 asvg 
O83 16'T | O8316'T | MOUS 
0 0 | 0 
0 | 0 ‘peed 
‘NALSAS ‘WALSAS LSuld peoy jo aouuyyy 
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: 


439 


Strain Sheets.— (See Plates II.-IX.) The figures represent resultant 
Strains in tons of 2,000 lbs. (++) means tension, (—) means compression, 
To abbreviate calculation, the dead load has been taken as though it were 
concentrated at the lower panel points ; it is more exact, and in principle 
just as easy to follow out, to take the own weight as divided into two main 
parts, (1) that of the truss, and (2) that of the roadway platform, and each 
as thongh applied at that part of the skeleton outline of the bridge at which 
it is applied. A close approximation is to take the platform weight + } 
weight of truss, at lower panel points, and } weight of truss at upper panel 
points in ‘‘ through’’ bridges ; reverse this arrangement in ‘ deck ’’ bridges, 
and other combinations will readily suggest themselves in their proper places. 

To illustrate the manner in which these Strain Sheets have been caleu- 
lated, the computation for Case 1/. is next given, worked throughout strictly 
according to Ritter’s method, although for chord members another way may 
sometimes be shorter, as alluded to in Part I. 

Equations for finding ihe Strains in the several members of the Draw, loaded 
and supported (that is, reacted on) as in Case IJ. — By making the proper 
substitutions for toads and reactions, all the other cases can be calculated 
according to the same formule.* The centre panel diagonals are made to 
take tension only; when the resultant strain on one of them comes out minus 
therefore, neglect that diagonal, and make the calculation over again [for 
that and for such other members as depend upon such change], supposing now 
only the other diagonal in place. All other members are made to take either 


the compression or extension that they may be called upon to withstand. 


FIRST SYSTEM. 


Ui «2 X 19.929 + 14.17 x 18=0. 
X 22.92 + 14.17 x (3 X 18) — 23.4 & (2 x 18) = 0. 
U; X 25.909 + 14.17 & (5 & 18) — 23.4 x [(2-+ 4) X 18] =0. 
U, x26. +14.17 x [( X 18) + 20] + (57.33 — 24.7) & 20 
— 23.4 « [((4 X 18) + 20) + ((2 x 18) 4+ 20)] =0. 
X 18.5414.17 x 0=0. 
XK 21.54 14.17 X X 18) — 23.4 x 18=0. 
—Igge5 X 24.54 14.17 x (4 18) — 23.4 x X 18] =0. 
xX 26. + 14.17 x (5 x 18) — 23.4 x x 18] =0. 


* The several equations have been written out in full, and without the slightest attempt at 
reduction; on the contrary, all the elements of each term have been conspicuously written and 
separated, so as to enable any one to follow the process of evolving the equations for each mem- 
ber in any case. In practice, no one, after doing a single day’s work according to Ritter, would 
need to write out any equations as fully as done here, and for most members would not write 
them out at all, unless indeed “in his mind’s eye.” 


den 
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S, X 172.01—14.17 x 222=0. 
— X 184.02 —14.17 x 222 4.93.4 x (222-4 18) = 0. 
S, 211.62 —14.17 x 222-+- 23.4 x (222-4 18) =0. 
—T, 222.43 — 14.17 x 222-4 23.4 x [(222 + 18) + (222+ (3 x 18))]=0. 
Ss X 251.44—14.17 222-+4-23.4 [(222 + 18) + (222 + (3 x 18))]=0. 


—P,=A. 
ee x [222+ (5 x 18)]— (57.38 — 24.7) x [222+ (5x18)]— 14.17 x 222 
+ 23.4 x [444-4 (4 x 18)] =0. 


T, sin — 14.17 K w423.4 2423.4 & (57.33 —24.7) X =0, 
where @ is the angle 7, makes with the horizontal. 


.. Sing = and dividing by 


14.17 + 23.4 + 23.4 — 32.63 =0. 


SECOND SYSTEM. 


X 21.425 + (15.35 —11.7) x (2 18) =0. 
Uses X 24.4144 3.65 x (4 & 18) — 23.4 & (2 k 18) = 0. 
U, 264.3.65 [(5 & 18) + 20] 4 43.15 x 20 

— 23.4 {(B x 18) + 20) + (18 + 20)} —0¢. 


—Nhee X 20+ (15.35 — 11.7) x 18=0. 

—LIse4 X 234+ 3.65 x (3 18) — 23.4 x 

—L, X 2643.65 (5 18) — 23.4[(8 18) + 18] = 0. 

—L, X 264 3.65 & [(5 x 18) + 20] — 23.4[((3 x 18) + 20) + (184 20)] 
+ 43.15 x 20=9. 


— T, X 165.01 — 3.65 x 222. =0 [or, revolving about second load point : 
+ 7, x ¥364— 26.907? + 3.65 x 36 = 0). 
S, 191.77 — 3.65 2220. 


— T, X 203.17 —3.65 x 222 4+ 23.4 x [222 + (2 x 18)] =0. 
X 231.52 — 3.65 222 + 23.4 [222+ (2 x 18)] =0. 
— X 241.72 —3.65 & 222423.4 x [(2224-(2x 18))+-(2224- (4x 18))] = 0. 
— P, x [222 + (5 x 18)] — 3.65 x 222 4 23.4 [4444 (6 x 18)] 
— T, X 241.72 — 43.15 x [222 + (5 x 18)]=0. 


T, sin — 3.65 + 23.4 + 23.4 — 43.15 =0. 
The other half girder must be made symmetrical, or, if desired (in the 


latched cases), can be calculated, either by continuing to make the supposed 
sections in the order of procedure from left to right, always introducing 


reactions as though they were merely minus loads (which is all they are), 
or by taking sections anew in the order of from right to left. 


4 
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In this way have been found the strains in Plates III.-IX., and tabulated 
in Table (A), p. 444. Observe that the centre panel diagonals present a 
peculiar feature: the diagonal in service is a different one for the cases (a) 
and (4), and has a different value for the two, but each diagonal has the 
same value whether in J//., ]V., or V. A-+B is constant, in pivoted as 
well as fixed centre support draws: 


In the first, A+ B< loads on AB. 
In the second, A + B> loads on AB. 


A careful study of this table will prove instructive also as to choice of kind 
of supports for drawbridges. The table is not complete, however; there 
should be added the strains for the cases where there is no snow load, espe- 
cially for Case IV. (b), and in the span CD. These may be obtained in two 
ways: (1) we could get the new reactions, by subtracting, for each support, 
the reactions produced there by the snow load from those already found, and 
then proceeding in the calculation of strains as before, or (2) by finding first 
the strains produced in each member by the snow load, and then algebrai- 
cally subtracting these strains from those already found in the corresponding 
members. The snow strains are, however, of two kinds; once when the 
weight of the snow is all carried by the centre supports, and again when the 
truss carrying the snow loads rests on 4 level supports. The first mentioned 
snow strains obtain in Cases J. and J//. (b), and must also be subtracted to 
get the strains without snow in Cases V. (a) and (+), whenever the end re- 
actions without snow are to be the same they were with snow. (In Cases 
V. (a) and (b), it will be remembered, the end supports are lifted, just 
enough to prevent the end reactions from ever becoming less than a chosen 
plus quantity.) For, the end reactions remaining the same, the centre 
reactions only can have, diminished, and must have diminished by just the 
weight of the snow; and the strains can have diminished algebraically, 
only by the strains produced by these two centre reactions, together equal 
to the snow load, acting as opposed to the several panel snow loads. 
Another view would be this: we had made s, the part of the own weight 
that was carried on the 4 supports, instead of on only the central ones, just 
large enough to securely keep the light end from rising in the event of 
maximum unsymmetrical loading. If now the snow melts off, it will 
render the light end insecure, and enough additional s must be taken 
out of the own weight to restore the original end reactions; that is, the 
new s must = old s+ snow. The process is, the snow is removed from 
the 4 level supports, then a weight equal to it is taken off of the centre 
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supports, and is distributed over the 4 level supports again, leaving, as a net 
result, the centre supports lighter, by the total snow load. Mechanically, 
this will necessitate a higher position of the end supports, at the end of the 
lift, in order that the same end reactions may be obtained without, as before 
were obtained with, the snow. Were, on the contrary, the end supports to 
remain in the same position, or at the same level, then, to get the strains 
in the trusses without the snow load, from those above with the snow on, 
we should have to subtract the snow strains produced by the snow load 
resting on 4 level supports. 

Figs. 20 and 21, Plate X., show the two kinds of snow strains; Fig. 20, 
being those when the snow reactions are produced only at the centre sup- 
ports, and are evidently simply } the strains given for Case J. The others 
(Fig. 21) are the strains due a load of 200 lbs. per foot on a bridge skeleton 
without weight, and of the form under consideration, and supported on 
4 level supports. Now subtract these strains in the several members, alge- 
braically, from the corresponding strains in the table, remembering which 
set to use in the several cases, as above given. Fig. 20 has been used in 
Case V. (b) and Fig. 21 in Case V. (a), since 4 dead was more than enough 
for s in this latter case, and D=-+-, even without the snow. 

The resultant strains for all the cases will be found in Table (B), on 
p. 445. 


While this article is going through the press, the author notices, in a 
work * recently issued, the following sentence: ‘‘ But no book in common 
use gives us any method for determining the shearing stress under a partial 
load, a determination which is necessary before the bracing can be correctly 
proportioned.’’ It is to be hoped, however, that no insuperable objection 
lies in the way to the attainment of such an object, and that such a book 
may be written. The following has been an attempt in that direction; for 
the careful reader will have noticed that, by the method and the formule 
herein given, the effect of a load at any point or points, on a continuous 
girder, upon any of its members, may be calculated. 

The method of strain calculation followed throughout has been what may 
be termed the ‘‘ arithmetical ’’ one ; and the author has purposely presented 


the same purely and alone, and omitting, therefore, considerations of mo- 


* Graphical Method for the Analysis of Bridge Trusses, &c. Charles E. Greene. Niw 
York. 1875. Van Nostrand. 
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ment-curves, of vertical and horizontal shears, points of contrary flexure, 
and other paraphernalia which usually accompany treatises on cortinuous 
girders. 

To calculate the absolute maxima and minima strains in the members of 
a continuous panel girder by the method that has been followed, the process 
would be like this : — 

First find the strains in each member, under the own weight of the 
bridge. 

Next find the strains in each member for the maximum panel live load 
on the first panel point, all the rest of the bridge being supposed to be 
without weight and unloaded. 

Next place the panel live load on the second panel point, the rest of the 
bridge being supposed to be without weight and unloaded, and so on, for 
each panel point. By tabulating the strains thus found for each member of 
the bridge, a clear oversight will be gained over them. Then summing up 
all the minus strains liable to occur in any one member, with the strain due 
to the own weight, will give the maximum minus strain, and summing up 
its plus strains with the same will give the maximum plus strain that can 
come upon it by any possible combination of loads on the bridge. 
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APPENDIX. 


LIST OF BOOKS AND ARTICLES IN TECHNICAL JOURNALS, RE- 
LATING TO THE SUBJECT OF CONTINUOUS GIRDERS (IN PART 
OR IN WHOLE), IN THE GERMAN, FRENCH, AND ENGLISH 
LANGUAGES, 1854-1874. 


[Without wishing to presume the part of an adviser, the writer yet offers the opinion that 
the starred works are especially to be recommended to those desirous of further pursuing the 
subject of Continuous Girders. The annexed list is doubtless incomplete.) 


*Weyrauch, Dr. Phil. Jacob I., Ingenieur, &c. Allgemeine Theorie und 
Berechnung der Continuirlichen und Einfachen Trager. Leipzig: B. G. 
Teubner. 1873. 

*Ritter, August, Prof. &c. Elementare Theorie und Berechnung eiserner 
Dach- & Briicken-Constructionen. (Contains, amongst other matters, a 
peculiar hind of continuous girder.) Hannover: Carl Riimpler. 1873. 

*Laissle & Schuebler. Der Bau der Briicken-Trager. Stuttgart: Paul Neff. 
2 vols. 1869 & 1870. (This work has also appeared in a French trans- 
lation.) 


Winkler, Dr. E. Elasticitat und Festigkeit. Prag: H. Dominicus. 1867. 


Zeitscuri‘rt pes Arcut. & Inc. Verern ZU HANNOVER. 


*Mohkr (now Prof. &c. in Stuttgart) . . . . . . 1860, 1862, & 1868. 


Zeitscnurirt Fir BAUWESEN, BERLIN. 


Zeitscunirt Oestr. Arcut. & ING. VEREIN. 


Der Civit INGENIEUR. 
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ZEITSCHRIFT DES VEREINS DeuTSCHER INGENIEURE. 


ZEITSCHRIFT DES BAYERISCHEN Arcut. & ING. VEREIN, 
Gerber. (A Patent Continuous Girder.) . . . . . . . 1870. 


ALLGEMEINE BAUZEITUNG. 


De Montdesir. (Strains in Continuous Trusses of Iron Bridges.) 

*Bresse. Cours de & 3™ partie. Paris. 
1859 & 1865. 


ANNALES DES Ponts ET CHAUSEES. 


‘* Comptes Renpvs.”’ 
Molinos § Pronnier. Construction des Ponts Métalliques. Paris. 1857. 


ANNALES DES Travaux PuBtics DE BELGIQUE. 
DeClerqgq.. . 1855-56. 
[Navier. Résumé a Ecole des P. & C. &e. 

2d Ed. Paris. 1833.) 


MINUTES OF THE PROCEEDINGS OF THE Inst. Civ. ENGrs. 
Contains a description of the celebrated, and, considering the time it was 
built, wonderfully perfect, Boyne Bridge at Drogheda, Ireland, 3 contin- 
uous spans of 141, 267, and 141 feet, opened for traffic, double track 
R.R., in April, 1855. 


Tar MAGAZINE, Lonpox. 


Stoney, B. B. Theory of Strains in Girders, &e. London: Long- 
mans, Green, & Co. . . 
Rankine, W. J. M. Civil Engineering . pp. 287-202. 
-Humber, William. Strains in Girders. Am. Ed. New Tasks Van 
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Clark, Edwin. Brittania and Conway Tubular Bridges. London. 1859. 

Moseley, Henry. Mechanical Principles of Engineering and Architecture 
(1840-42). Am. Ed. By D. H. Mahan, Professor at West Point. 
New York: J. Wiley & Son. 1869. (Continuous beams are treated of 
in this work by the name of ‘‘ Breast summers.’’) 

Chanute, O., and G. Morison. Kansas City Bridge. pp. 86, 87, 108-114. 


JOURNAL OF THE FRANKLIN INSTITUTE. 


TRANSACTIONS ENGINEERS’ CLUB oF Sr. Louis. 


Smith, Charles A. Girders Continuous over Supports . . Dee. 4, 1872. 


Van Nostranp’s Ecrectic ENGINEERING MAGAZINE. 


Dutcu LANGUAGE. 


Tijdschrift van het Koninklijk Instituut van Ingenieurs.* ’s Graven- 


* The writer does not know the exact nature of these articles. 


